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As you know, during the past two years the Department has been in the 
process of investigating sandstones as bituminous paving aggregates tl~ough 
the construction of a test pavement on State Route 30 in Magoff.in and Breathitt 
Counties. The project was initiated by the Division of Maintenance, and it has 
been carried out with state forces and state equipment. 
At the outset, and in fact several months prior to the establishment of 
the project, the Research Division was asked to cooperate in the mrk to the 
extent of recommending sources, organizing test facilities and test pr0cedures, 
designing and controling mixes, observing characteristics in placement of the 
mixes, and keeping general account of the development and performance ,,f the 
road. In essence, we were to determine the feasibility of sandstone for this 
purpose, and to recommend tests and specifications which would apply if they 
were feasible. 
Our portion of the work has been under the supervision of Ellis G, Williams, 
Research Engineer, who had devoted practically all his time and effort to the 
project since it was started, His first report on the investigation is attached, 
The size of the report is in keeping with the size of the job, but its bulk at 
a glance may discourage full reading, In anticipation of that, Mr. Williams 
has summarized the laboratory study and the pavement construction in two loca-
tions beginning on page 22 and page 82 respectively. These summaries give the 
reader a brief account of the work in generalities, but anyone having more 
than a superficial interest in sandstones would find it worth his effort to 
read the entire report. ~'ly a person with deep interest in sandstone mixes 
would care to study the numerous tabulations of data, but those were included 
as a permanent record upon which to build as results accumulate with the 
future sampling ru'd performance of the road • 
. One point in tabulation bears mentioning,, and that is the information 
pertaining to thicknesses of traffic-bound base (See Appendix III). The base 
thicknesses have been variously interpreted at different times qy different 
individuals, For example, when the subgrade soils were sampled, the materials 
were taken at depths of at least six inches., and recorded thicknesses averaged 
more than four inches. In doing this, some of the overlying material was re-
garded as fine sandstone pulverized by traffic over the years but having at 
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a min;i.mum dependable value as subbase material. So far as the evaluation 
to date is concerned, this difference is of little consequence since weak-
ness or sponginess was actually observed at the points where base condi-
tions entered pavement failure interpretations, and these interpretations 
were based on observation rather than recorded thickness. 
In my estimation,, the so-called two-aggregate mixture offers excellent 
possibilities for the use of a wide variety of sandstones. The pavement 
which results is extremely high type, neat appearing, non-skid, and easy 
to produce and lay. 1~. Williams has proved beyond doubt that full crusher 
production can be utilized whether the s~one is loosely or firmly cemented. 
I am certain that sandstones within this range are well distributed through-
out the eastern part of the state - or at least our preliminary survey end 
original dev·elopment work indicated such. 
As a result of the superior qualities exhibited by the two-aggregate 
mixture, we have developed a specification for a "Class S" pavement fitted 
to this type of •nix. That is included in Appendix VII as a recommended 
Special Specification, and by means of a copy of this report I am passing 
it on to the Engineer of Specifications with the recommendation that it be 
brought before the Specifications Committee at its next meeting. Similarly, 
a proposed amendment to the 1945 Standard Specifications which would cover 
sandstones as bituminous paving aggregates is included in APpendix VII, and 
it carries the same recommendation for the Specifications Committee. 
You will be interested to lmow that the Department has offered for sale 
the equipment used on this project, the object being to close out the ex-
perimental job and let the remaining 14 miles of the road to contract. We 
havE\> at the request of the Division of Design, written the essence of our 
recommended specification material in a form suitable for plan notes or notes 
that could apply in the proposal for this contract work. 
After the entire pavement has been in service for another year or so, 
and we have additional rerformance data, I believe that this manuscript 
and supplements should be considered for publication in some modified form. 
To the best of my knowledge, this is the only all sandstone-bituminous pave-
ment now in existence, and information perta:ining to it will certainly be 
of widespread interest. 
' 
Respectfully submitted, 
,(.'t:~ 
L. E. Gregg 
Lffi}gDDC Assistant Director of Research 
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INTRODUCTION 
In eastern Kentucky, deep deposits of sandstones and shales overlie 
the vast 'deposits of limestones that prevail throughout the central part 
of the state. Whereas locally available limestones of higp quality com-
prise the major sources of curshed stone or aggregate for highway paving 
in the central part of the stat~ some areas of eastern Kentucky are so 
far removed from sources of these and other high-type aggregates that 
transportation of materials becomes a major cost item. It is a matter 
of record that these costs frequently approach or even exceed the cost 
of tlie material at the source, Since aggregate comprises the greater 
bulk of a paving mixture; transportation costs, to a large extent, deter-
mine the selection of the type and source of the material. 
The abundance of sandstones prevailing throughout the eastern quarter 
of the state had encouraged their use both experimentally and otherwise as 
bituminous paving aggregate and base material on several previous occasions. 
Except for one experimental project (SP 58-37* located on ty. 40 between 
Paintsville and Inez) design data, construction details, and service records 
have not been maintained. However, insofar as could be determined at this 
Yfriting, SP 58-37 was the first and only all sandstone-bituminous road in 
existence prior to 1950. It was constructed by contract in 1941, and 
consisted of a l-inch insulation course, 4!-inches of bituminous concrete 
base, and l-inch bituminous surface course. Crushed sandstone aggregate, 
No formal report has been made on this project, Memorandum reports, 
Jan. 6, 1946, and Feb •. 22, 1946, were prepared by L. E. Gregg and 
circulated in the Department. Some additional fragments of related 
information are in the files at the Research Laboratory. 
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both coarse and fine, from a local source and PAC S (85-100 penetration 
asphalt cement) binder was used throughout the project. The surface was 
Class I, T.fpe B, and its performance was apparently equal in most respects 
to others in the area in which conventional aggregates had been used> 
It is also a matter of interest in this connection that sandstones 
have been used as aggregate in a number of portland cement concrete pave-
ments and bridges* in the eastern section of the state. One such paveme~t 
(SP-6F, U ,S. 119 • Jenkins to Seco} has been in service since 1927. Another 
(F .A. 151, U.s. 119, Pineville to Harlan} concrete pavement ~onstructed 
with local sandstone coarse and fine aggregate was built in 1929, but most 
of this section has been resurfaced within the past few years. 
' 
At least one other state has recognized the existence of a similar 
situation with respect to sandstones. In 1948, Metcalf and Goetz** con-
ducted a comprehensive laboratory investigation of sandstone covering the 
western and southwestern portion of Indiana; and as a result of those 
studies they were able to correlate some of the peculiarities of sand-
stones with mix-design. Their studies, too, have indicated that sand-
stone aggregates can be used satisfactorily in bituminous concrete paving. 
* - Some of th~se projects are now under investigation by Blythe, Pendley, 
and Terrell, College of Engineering, University of Kentucky. A published 
report as an Engineering Experiment Station Bulletin is scheduled for the 
series of 1953. Tentative title - "Kentucky Sandstone as a Concrete 
Aggregate." 
{f.l} - Metcalf, C. T., and Goetz • W. H.; "Bituminous Sandstone Mixtures," Pro-
ceedings of the Thirty-fifth Annual Road School, Engineering Bulletin;---
Purdue University, 1949. 
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Considerable skepticism reg~ding the use of sandstones has arisen 
from such factors as higher percent wear in the Los Angeles abrasion test, 
and higher optimum asphalt contents than have been customarily experienced 
with other recognized aggregates. Specifications and tolerances for recog-
nized aggregates have grown out of years of development and proven experience 
a condition which does not exist with respect to sandstones. Inasmuch as sand-
stones are softer and more porous than most aggregates, they are logically 
expected to vary considerably from the generally accepted aggregate standards. 
As a result of the Departmentts continuing interest in the development 
of sandstones, this present investigation was initiated in the hope of estab-
lishing an acceptable and practical basis leading to their utilization. The 
present objectives may be outlined rather generally as follows: 
1. To develop comprehensive information concerning the nature 
and character of sandstones throughout eastern Kentucky. 
2. To establish standards for crushed sandstones as a bituminous 
paving aggregate. 
3. To establish design criteria for sandstone-bituminous mixtures. 
4. To examine the feasibilit,v of utilizing full crusher output. 
5. To establish construction standards and practices commensurate 
with the processing and handling characteristics of the stone 
and paving mixes. 
It was proposed to develop the above infonnation from extensive labora-
tory investigations made in conjunction with full scale operations in the 
construction of an experimental pavement of such extent and scope as to em-
brace a full range of variables. 
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A section of SR 30 between Salyersville and Jackson was selected as 
the test road (Fig. 1). It lay well inside the sandstone region, had an 
existing traffic-bound base course, and was at that time under consideration 
for high-type surfacing. The Research Laboratory conducted preliminary 
surveys and tests covering possible quarry locations, physical properties 
of sandstones and sandstone bituminous mixes, and surveys of base and sub-
grade conditions existing throughout the proposed section. Cor- ·,ruction 
began in late spring of 1950 and was terminated at the clor" of the 1951 
season. All phases of construction, including quarrying, processing, and 
paving were carried out by the Division of Maintenance. State-owned equip-
ment and Department personnel were used throughout the project. 
Quarry sites were located near each end of the experimental section. 
Operations began at the Salyersville quarry and continued there until the 
end of the 1950 season. The Quicksand quarry was opened in the spring of 
1951, and operations continued from that end until the close of the project. 
Construction-control, testing1 and the maintenance of construction 
records were .under the jurisdiction of Research Laboratory personnel. A 
field-laboratory was set up on the project for that purpose. 
At this writing any attempt toward evaluating the service performance 
of the experimental pavement sections would be premature. However, the 
discussions which follow show that many of the previously anticipated dif-
ficulties in connection with the design and construction are surmountable, 
and that a considerable portion of the information recorded here is favor-
able to the future utilization of sandstone as a bituminous paving aggregate. 
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PART I 
PRELD!INARY LABORATORY STUDY 
Although limited studies of sandstones had preceded this project, 
most of the results applied specifically to given sources and there were 
several basic considerations which had not been covered. Therefore, at 
the time the decision was made to build a test road at a certain tentative 
location, preliminary laboratory work on sandston~ evaluation was started. 
Fundamental Properties of Sandstones 
In contemplation of the present investigation, the Research Laboratory 
conducted a companion study of a more academic nature. In this connection, 
twenty potential quarry locations through~ut eastern Kentucky, including the 
Salyersville Quarry, were sampled for petrographic analyses, tri-axial shear 
tests, and a series of physical and chemical tests calculated to describe 
the structural aspects of clastic sandstones. The report* on these studies 
describes the Salyersville stone as: 
·"A very fire to silty, light gray subgraywacke. It 
contains a few micaceous bedding planes, has an interlock-
ing coefficient of 33 (describes the degree intergrowth of 
the sand grains), and is approximately 20% cement. Pockets 
of quartz matrix are dispersed locally through the cement. 
Cement is composed of sericite, quartz, calcite, chlorite, 
and iron oxide. Grain material is composed of quartz, pla-
gioclase feldspar, rock fragments, and muscovite." 
Its mineralogical composition and fundamental properties as tabulated 
in the report are listed in Table 1. 
* At the present time the report covering this study is in the form of an 
unpublished thesis prepared by w. P. Ringo, Jr., as partial fulfillment 
of the requirements for the degree of Master of Science, under the title, 
"A Study of Cementation and Inherent Crushing Strength of Sandstone," 
University of Kentucky, Department of Geology, 1951. 
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Table 1. Fundamental Properties of Sandstone From Salyersville Quarry 
Composition of Total Sample Composition of Cement 
Quartz ••••••••••••••••• 61% Sericite ••••••••• 45% 
Plagioclase Feldspar ••• 10% 
Rock Fragments ••••••••• 6% 
Muscovite •••••••••.•••• 3% 
Cement ••••••••••••••••• 20% 
Quartz ••••••••••• 25% 
Calcite •••••••••• 10% 
Iron Oxide ••••••• 10% 
Chlorite ••••••.•• 10% 
P~sical Properties of Cored Specimens 
Inherent Strength ................. . 
Coefficient of Friction (tan~) ••• 
Bulk Specific Gravity ••••••••••••• 
Absolute Specific Gravity ••••••••• 
Total Voids •••••.••••••••••••••••• 
Porosity (qy saturation) •••••••••• 
Median Grain Diameter ••••••••••••• 
2300 psi. 
1.123 
2.38. 
2.67 
10.89% 
4.23% 
0.07 mm. 
Unfortunately, only one sample was taken from the quarry and the data 
above in no way indicate the range of these properties or the variations of 
material in the quarry. The Quicksand Quarry did not come under considera-
tion as a possible quarry for use on the test road until this initial test-
ing program was almost completed. Consequently similar data are not avail-
able for that quarry. The tests for composition and fundamental properties 
of all sandstones are not practical in the present stage of evaluation of 
aggregate sources. Nevertheless, these basic considerations are pertinent 
to the determination of aggregate characteristics, and should be regarded 
as much as possible in all evaluation programs. 
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Aggregate Properties of Sandstones 
It was stipulated in the project outline that sufficient laboratory 
test data and mix design data be prepared to permit field operations to 
begin on schedule and to proceed without interruption. In this connection, 
sandstone samples were taken from proposed quarry sites at the Salyersville 
end of the project, at the Quicksand end, and at one intermediate location 
in the vicinity of Guage. These samples were crushed to l-inch maximum size 
in a 6-inch jaw crusher and further reduced in a hammer mill to obtain addi-
tional fines for gradation studies. Physical tests on the stone included 
Los Angeles Abrasion, bulk and apparent specific gravities, and water and 
bitumen absorption tests. These data are summarized in Table 1* and are 
discussed in detail in the following paragraphs. 
Los Angeles Abrasion- Cantrill•s work** had indicated abrasion losses 
approaching 100 percent in 500 revotutions. Metcalf and Goetz recognized 
these losses as being unduly severe for differentiating sandstones and found 
that 100 revolutions using charge ! gave a more satisfactory range of values. 
On. this basis, they were able to correlate percent wear with the porosity 
of the stone. Ringo indirectly demonstrated a similar relationship with 
respect to inherent strength, but he considered porosity more as a measure 
of deficiencies in cementing materials. His correlation was more direct 
with respect to the combined factors of percent cement and degree of crystal 
if - Tables pertaining to Part I appear at the end of this section. 
** - Cantrill, Curtis; 11 The Use of a Circular Track for Testing Bituminous 
Paving Mixtures," Proceedings Asphalt Paving Technologists, Vol. 13, 
PP• 69, 1942. 
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intergrowth. As a further consideration in this connection, the granular 
material in sandstones is predominately q_uartz which ranks seventh in the 
hardness scale, whereas calcite which is the predominating granular material 
in limestones ranks third. Except for the cementation factor, it would be 
expected that limestones would undergo greater degradation. In actuality, 
due to deficiences in cement, the sandstones are easily reduced to their 
sand-grain sizes; and thereafter, like most other sands, they are extremely 
resistant to further degradation. For this reason, as will be shown later, 
the gradations used for paving do not include a full range of variations 
in the very fine sizes. Table 2 shows the abrasion losses at 100 revolutions 
and at )00 revolutions with charge ~for the three proposed quarries and for 
a reference limestone and sandstone which were used to extend the range of 
variation in hardness and absorption. Fig. 2 shows the relation between 
losses at 100 revolutions and at 500 revolutions. 
Absorption Characteristics - The volume of water which a stone will 
absorb upon immersion and saturation, expressed as a percentage of the 
bulk volume of the stone, is a measure of its porosity& 
Porosity (in percent) = Apparent Sp. G. - Bulk Sp. G. x 100 
Apparent Sp. G. 
-Porosity is important to the study of sandstones as a bituminous aggregate 
not only from the standpoint of strength - as mentioned earlier - but also 
from the standpoint of their capacity to absorb appreciable quantities of 
the bituminous cement during mixing and processing. Bulk specific gravities 
are in themselves a fairly good indication of the total void volume in the 
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Table 2 - Surrumary of Aggregate Test Data 
Apparent Absorption-% L.A.Abrasion-% Wear Size Type Specific 
Bitumen Gravit<Y 1 Water Bitumen 100 rev. 
-3/4 11+3/$ 11 PAC-$ 2,69 2.98 1.69 16.6 
II II II 2.51 3.16 1,84 17.3 
" 
II II 2.75 6.20 3.13 
II 
" 
P!C-7 2.72 2.66 1.03 14.9 
" 
II 
" 
2.74 3.98 2.20 
" " 
NAC-8 L,.04 2.39 
" " " 
3.89 2.61 
" " " 
3.40 1.96 
-No, 4 2.69 
-3/4"+3/811 PAC-7 2.65 4.22 2.64 40.3 
II 
" " 
.. 2.58 3.91 2.17 31.1 
II II II 2.59 3.68 2.12 19.3 
" " 
II 2.64 2.66 1.22 16.6 
-No. 4 2.74 
-3/411+3/8 11 RT-10 2.04 3.19 
" " " 
3.99 5.64 
-3/411+3/8 11 PAC-8 7.95 7.95 52.8 49.8 
II II n 7.79 6.75 41.1 
-3/411+3/8 11 PAC-7 5.85 5.32 
II II n 5.89 5.54 
" 
II II 5.94 6.40 
II II II 6.70 6.41 
II II II 6.73 6.30 
II II II 7.72 6.66 
II II II 7.84 7.02 
" " 
II 8.13 7.37 
II II RT-10 4.84 7.61 
II II II 5.68 8.42 
-3/411+3/$11 PAC-7 1.35 0.62 4.4 
II II H 1.18 0.49 
Note: All L.A. Abrasion Tests made with Charge B. 
Wolf County Sandstone from outcrop one mile east 
of Pm1ell-Wolf County Line on Ky. 15. 
500 rev. 
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stone when it is considered that the specific gravity of solid quartz is 
about 2.65. Metcalf and Goetz drew a linear relationship between water 
absorption and bitumen absorption when measured direct]y. Fig. 3 shows 
that relationship super-imposed on a plot of the absorption data listed 
in Table 2, which were developed from this present study. Although the 
conditions of the tests here (see Appendix I for test procedure) differed 
appreciably from the procedure used by Metcalf and Goetz, the linearity 
in the relationship which they suggested is not borne out by present 'data. 
In Fig. 3 a line of equality illustrates the deviation of the relationships 
from a truly direct proportionality. It is to be noted that the curve re-
presenting mixes with 150-200 penetration asphalt cement diverges from the 
line of equality up to about 4 percent water absorption then reapproaches 
it thereafter. 
The increase in slope above 4 percent water absorption is· attri-
buted to an increase in pore diameter which is presumed to accompany the 
higher porosities. An increase in pore size would make it easier for the 
more viscous bituminous material to infiltrate, or else could result in 
a false water absorption value due to water draining out of these larger 
pores during surface-drying in the water absorption test. In any case, 
the approximate relationship serves to explain the higher bitumen contents 
required by porous sandstones and to emphasize the importance of these 
absorption characteristics in sandstone-mix design. 
In these tests, absorption varied slightly with the grade and type 
of asphalt used. The tests were also made with RT-10 and it was found that 
the corresponding absorption values, as plotted in Fig. 3, describe a re-
lationship with respect to water absorption which is entirely different 
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from that found for the asphalts. Not only is the relationship linear but 
the degree of bitumen absorption exceeds the water absorption in all the 
samples tested. One logical explanation of this is that a high degree of 
pore-saturation is not attained in the water-absorption test. It also 
indicates that the wetting and penetrating properties of the tar exceed 
those of the water and asphalts. Still another explanation, however, seems 
more :appropriate. When the stone is immersed in liquid asphalt or in water, 
the shell of penetration tends to entrap air inside the stone which opposes 
further penetration by its pressure; but when the stone is immersed in tar 
and heated, evaporating solvents induce pressures inside the stone that 
rupture the shell and drive out the entrapped air. As the stone is cooled 
again, the solvent vapors condense inside the particles creating a vacuum 
which draws in more of the tar. 
Some typical absorption rings found in broken aggregate fragments at 
the completion of the absorption tests are shown in Fig. 4. The particles 
on the top row illustrate asphalt absorption rings, and those at the bottom 
are typical of tar absorption, Fragment No. 4 is a very dense limestone. 
Obviously the depth of penetration has ~ direct bearing on the relationship 
between water absorption and bitumen absorption. 
Gradation Modulus -Crushed aggregates were separated according to U.S. 
Standard sieve sizes into fractions 1 inch to j!, inch, j!, inch to No. 4 sieve, 
and passing the No. 4. These fractions were then b]e nded to form grada-
tions ranging from very coarse to dense and representing the anticipated 
ranges in surface and binder gradations resulting from the utilization of 
the entire crusher product, In view of the latter consideration, no 
Fig. 4. T,ypical absorption rings on broken aggregate particles 
at the completion of the absorption test. Nos, 1, 29 and 3 
at the top show three grades of sandstone after immersion in 
PAC-8 asphalt cement. No. 4 shows the comparative absorption 
by a dense limestone. Nos. 1, 2, and 3 at the bottom show 
the same grades of stones after immersion in RT-10. 
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,specific attempt w~s made to design gradations for maximum density. TWenty-
five blends were prepared; of these, 23 were used in the final analyses • 
.All gradation data are shown in Table 3, at the end of this section. 
In order to integrate the gradations of various aggregate blends into 
single numericalJ;y- significant terms expressing both fineness and coarse-
ness as well as the range from fine to coarse, the sum of the percents pass-
ing each of a series of sieves; 1 inch, 3/4 inch, 1/2 inch, 3/8 inch, No. 4, 
No. 8, No. 16, No. 30, No. )0, No. 100, and the No. 200, was taken as an 
empirical gradation modulus. It differs only slightly from Fineness Modulus 
as defined in A.S.T.M. Standard Definitions, C 125-48. It was found that 
blends having es'sentially the same gradation moduli showed very similar 
gradation curves and had approximateJ;y- equal compacted unit weights and 
densities. 
In general, the greater the modulus value, the greater the amount of 
fines in the blend. Modulus values do not, however, differentiate between 
gap-grading and uniform grading of aggregates. 
As a means of correlating the calculated gradation moduli for the 25 
gradation blends:, and in order to further simplify evaluation of the grada-
tion variables in the contemplated bituminous,-sandstone mixes, the gradings 
were grouped into 13 modulus ranges. All the data for the blends and gra-
dation groups are summarized in Table 3. 
Sandstone - Bituminous Mixtures 
Marshall stability Test - The Marshall Stability test is a radial 
compression test which is empirically interpreted as the maximum compressive 
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load in pounds descriptive of the stabilit,v of a compacted bituminous-
aggregate mixture or its resistance to deformation and ultimate failure. 
Given a specific aggregate and gradation, stabilit.f values plotted against 
increasing bitumen contents yields a peak stability value beyond which 
further increases in bitumen content cause decreases in stability. The 
bitumen content corresponding to the highest stability interpolated by a 
curve is trucen as the optimum bitumen content for the aggregate insofar 
as maximum stability is concerned. Maximum stabilities may be used to 
compare gradation blends, but they are not the only factors to be con-
sidered in mix design. 
The extent of deformation accompanying the stability test is ex-
pressed in 1/lOOths of an inch and is termed "Flow". It is interpreted 
by plotting measured flow values against bitumen contents. If the slope 
of the curve is relatively flat within the approximate range of optimum 
bitumen content, the aggregate gradation is regarded as being insensitive 
to minor fluctuations in asphalt conteht. If the flow value is low, the 
~ ....... _ 
mix is considered brittle; if it is high, the mix may yield or shove under 
loading. Flow, then, is an empirical measure of the plasticity of the mix. 
The tolerable limits for flow values have not been thoroughly evaluated for 
pavement design, but experiences and studies thus far have indicated extreme 
limiting values of about 10 to 30. 
Stability and flow are the only two factors measured directly from 
the Marshall Stability test. They comprise two of the five factors in-
valved in mix design criteria based on the testif. 
* - "Investigation of the Design and Control of Asphalt Paving Mixtures," 
Corp of Engineers, Technical Memorandum No. 3-254, 1948. 
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Unit weight of the mix plotted against increasing bitumen content 
yields a peak curve similar in character to the stability curve, but these 
· peaks or maxima do not necessarily correspond to the same bitumen content. 
They are, quite obviously$ clo§ely related. Unit weight is in actualit.f 
a function of the two other lll1!i ting ·factors which describe more specific 
properties of the mix. It does reflect the density of aggregate gradatibn 
for a given material. 
The percent voids in the compacted mjx is calculated 'from the theoreti-
cal maximum density and the actual measured bulk density of the sample. It 
describes the imperviousness of the mix and the degree :of additional con-
solidation which the mix will accommodate under traffic without overfilling 
the voids and exuding bituminous ~aterial to the surface. 
That portion of the total voids in the compacted aggregate that is 
filled with bitumen, expressed as a percf')nt, is also a calculated value 
which insures that a sufficiently heavy coating of the bitumen is on the 
aggregate to prevent either brittleness in the mix or over-saturation of 
the voids and consequent highly plastic mixes. 
Both the percent voids filled with bitumen and the percent·voids in 
' 
the compacted mix are empirical in their interpretation. Limiting values 
have been established from experience and from performance studies, but 
they are not yet entirely independent of personal judgement. 
The criteria for evaluation and design of bituminous mixes depend 
upon the adjudged agreement of the five factors, any one of which m~ 
indicate an imcompatible relation between aggregate gradation and optimum 
bitumen content. 
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The limits of these factors or criteria used in this study are some-
what more liberal than is normallY consideT-~,d adequate with recogni:z.ed_ 
aggregateso These adclitiona1 tolerances were provided· to accommoda~ ex-
tremities in variations that m:i.ght arise f:tom'the use of .. sandstoiJe· aggre-
gate but which are not yet recogni:z.ed as being either 'beneficial'or detri-
mental to performanceo They a~eg 
Stability No.0 o on".,.,., .. ., Ito.,., .. o., .. o .. o o o.,.,., o.,., .. o ...... o • .,., .. o o o --$.GO 
l>ercent Voids, Compacted Mix (Binder Course) •••••••••• 3 .0 to 8.0 
(Surface Course) ••••••••• 3 .o to 6.0 
Percent Voids Filled With Bitumen (Binder Course) ••••• 60 to 85 
(Surface Course) •••• 70 to 85 
Tests on Bituminous Mixtures - Marshall Stabilitw tests were applied 
to bituminous. mixtures consisting of :PAc-5 and all aggregate blends listed 
in Table 3 ., Seven. blends were selected from this group and used in mixes 
containing PAC-8 for comparison. .All mixes were cOmpacted and tested in 
accordance with the Marshall procedure outlined in Appendix II. 
Test data for mixes with each blend of aggregate ere summarized in 
Table 4. The data are arranged according to grada't;ion moduli groups. I~ 
Figf 5, the controling factors of the design and evaluation criteria have 
been plotted in,composite graphical form against gradation modulus., Analysis 
of these curves in terms of the limits prescribed for the controling factors 
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indicated that satisfactory binder mixtures must have a gradation modulus 
greater than 350; also, surface mixtures must have a gradation modulus 
greater than 450. Both are governed by the percent voids in the compacted 
mix. Furthermore, it was apparent that only the percent voids in the com-
pacted mix had appreciable or critical sensi ti vi ty with respect to grada-
tion modulus. The general insensitivity on all other points was considered 
of practical significance in determining the utilization of full crusher 
output. 
Percent voids in the compacted mix and percent voids filled with 
bitumen seemed to be the most critical of the controlling factors, Sta-
bility values, although seemingly erratic, were all well above the minimal 
requirement prescribed, Flow values could be considered high but not too 
objectionable from the standpoint of anticipated base weakness where brittle 
paving mixes are especially undesirable. To that extent the objectives were 
directed toward relatively high flow values provided they were combined with 
high stability values, 
Points plotted in Fig, 5 are the averages for the gradation groups, 
Curve No, 1 representing optimum bitumen contents determined from the sta-
bility analyses shows excellent correlation with respect to gradation modulus, 
and suggests that the relationship might be used to predict optimum bitumen 
contents when dictated by expediency or in the absence of actual laboratory 
design data. The relationship is plotted separately in Fig, 6 using the 
values for each individual blend of aggregate rather than averages of the 
groups. Here, greater variation in the distribution of points is as expected. 
Brackets'on each side indicate the magnitude of 5 percent variation from the 
\, 
0 
X 
[ 
X 
I 
0 
D 
(/) 
::::> 
...) 
::> 
a 
0 
:2 
z 
0 
i= 
<{ 
a 
<{ 
0:: 
(.!) 
(/) 
::::> 
(/) 
0:: 
w 
> 
0:: 
0 
I.L. 
(/) 
w 
::::> 
...) 
~ 
w 
(!) 
<{ 
0:: 
w 
?!( 
I() 
I.L. 
- 20 
F'i g. 6. 
soo 1-0PTIMOrvr% ASPtfALT VERS~S GRAOATIQN MODULUS __ _ 
/ 
/ 
,..,.. 
aoo I- Note -!om.f1ed lines represent ---f--------f--------t-:7o:.._--:7 
5cro variation in 
Asphalt Content. 
7ooL---~~------+-------~~-------t--~~~7f~~~--0 
:::;, 
- ... :::;, / ~ /• 0 
:E 600 • / 
/ e • / ~ / ~ sool---~--------~------~~~~~~~lr---------t---------
0 /. ~ / 
(!) / 
/ 
400 / / 
/ / 
.//6 .// 
0 0 / 3 / 
/ 
/ 
Peorsolt's Lineor Ccrrelojtiqn 
Coeffickent = 0.87 
/' 200~~~/~-------1----~--~~~~--~~------~~----~ 
7.0 9.0 10.0 8.0 6.0 
OpHmum % Asphalt 
. ·-~··. [:3 
- 22 
mean bitumen content and the degree of vari~tion that might arise from this 
method of prediction. 
It stands within reason that a compacted, non-absorptive aggregate 
requires a definite amount of bitumen to coat the particles and to fill the 
voids to within 2 or 3 percent, of saturation, and that it would be necessar,r 
to compensate porous aggregate mixtures according to their absorptive capa-
cities. In view of this, it should be recognized that these data and re-
sulting relationships were derived from stones ranging from about l.S to 
3'.0 percent absorption (Salyersville and Quicksand Quarries only, Table 2). 
This would indicate that the optimum asphalt-gradation modulus relationships 
in ;Fig. 6 are val±d only for these particular stones or other stones having 
essentially the same absorption characteristics. 
Absorption values vary with stone frqm different ledges in the same 
' ' 
quarry, and with mixing temperature. For these reasons, the selection of 
optimum asphalt contents from gradation moduli should probably be tempered 
to the selection of a range of asphalt contents or to the selectibn of a 
mix design that will accommodate relatively large variations in effective 
asphalt contents without producing appreci;;tble differences in the physical 
properties of the mix. 
Summar,r of Laboratory study 
The following enumerated results apply only to the materials involved 
in the tests. Conceivably they may be projected to include other sandstones 
and bituminous materials, although a broad application is not validated by 
these studies. Inasmuch as these laboratory results were developed in 
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advance of the field construction, some were considered subject to confir-
mation by the performance of the pavement test sections, 
1. Insofar as these tests and criteria could reliably predict field 
performance, sandstones having less than 30 percent Los Angeles Abrasion 
losses at 100 revolutions using charge 1!, are satisfactory paving aggregates. 
Also, tests thus far have indicated that stones with less than 30 percent 
loss absorb less than 2~ to 3 percent bitumen. 
2. Within the limits prescribed for controling factors of design and 
evaluation, gradation modulus for these sandstone aggregates must exceed 
350 for binder mixtures and 450 for surface mixtures. 
3. Gradation modulus provides an expedient method of selecting approxi-
mate bitumen contents for given gradations of the aggregate provided due 
consideration is given to variations in the absorptive capacity of the stone. 
Whenever possible, however, this method should be precidented by laboratory 
design tests. 
4. Gradation modulus does not differentiate between gap grading and 
uniform grading of aggregate, but the differences in bitumen requirements 
for the two types of grading have little bearing on the selection of approxi-
mate percent bitumen from gradation modulus. 
5. All the controling factors except stability numbers seem to have 
a well defined relationship with respect to gradation modulus. 
6. The use of softer asphalt cements slightly decreases the optimum 
percent asphalt and increases the percent voids in the compacted mix. This 
also decreases the percent voids filled with asphalt, but other properties 
remain essentially unchanged. Generally, the effect of the softer asphalt 
on any of the properties is not appreciable. 
Table 3 - Gradation of Le.boratary Aggregate Blends 
A_ggregate Opt •. %Passing Grad, Blend Grad, % 
Group No, Mod, Asp.* 1" 3/4'' 1/2n 3L8" No.4_ No,_ 8 _ _No, 16 No. 30 _ No. 50 No. 100 No. 200 
D 10 279 6.~ 100,0 88.0 5~.0 19.0 6,5 . _3.5 2.5 -- 2.3 __ . 2._0 1.0 ___ M 
F 11 340 6~8 100~0 20.0 62.0 :J'j_,O 16.0 11.0 8.'2_ :z.o 5.'2_ 2.5 1,0 
1 6 381 8.7 100,0 93.0 70,0 47.0 24.0 16.0 12.0 9.0 6.0 2.5 1.0 
12 398 8.0 100,0 93.0 72.0 50.0 27.0 17.5 13.5 11.0 8.5 3.5 2.0 
Av. 100,0 9;j.O 71.0 48.5 25.'2_ 16.8 12.8 10.0 7.8 3,0 1.5 
3 8 426 7.5 100,0 93.0 75.0 57.0 33.0 21.5 16.0 13.0 10,0 5.0 2.5 
16 443 7.7 100.0 91.9 90.0 47.4 33.3 27.3 . 24·4 20.5 16.5 6.8 4.4 
Av. 100.0 . - 92.5 72.5 52.2 33.2 24.4 20.2 16.8 1;?.3 --- 2.9 3.5 
4 13 458 8.3 100,0 95.0 80.0 65,0 .38.0 25.0 19.5 15.5 11.5 5.5 .3.0 
18 469 7.7 100.0 93.4 75.0 57.0 38.8 29.6 25.4 21.1 16.7 6.8 5.1 
Av. 100.0 94.2 77.2 61.0 38.!} 27.3 22.'2_ 18.3 14.1 6.2 4.1 
5 4 484 9.0 100.0 100,0 87.0 74.0 42.0 28.0 21.5 16.0 10.5 3.5 1.0 
2 498 8.8 100.0 97.0 86,0 74.5 48.0 31.0 23.5 18.3 13.0 5.0 2.5 
Av. 100.0 98..2_- - 86.5 - ']4.3 45.0 29.5 22.5 17.5 12.8 4.3 1,8 
6 9 509 8.4 100,0 97.0 87.0 77.0 47.0 31.0 2.3.5 18,8 14.0 6,0 3.5 
3 509 8.3 100,0 97.0 87.0 77.0 51.0 32.0 24.0 19.0 14.0 5.5 2.5 
1 521 8.8 100.0 98.0 8S.5 79.0 52,0 .33.0 25.5 20 • .3 15.0 6,0 3.5 
21 521 S.6 100,0 95~5 S3,0 69.7 48.1 35.S 30.3 24.8 19.3 7.9 5.7 
14 52.3 9.0 100,0 98,0 89.0 80.0 52.0 3.3.0 25.5 20 • .3 15.0 6,5 4.0 
Av, 1oo.o 97.1 86.8 77.2_ '2_0,0 ;32.0 2'2_.8 20.6 15.5 6.4 3.8 
7 19 5~ 8,5 100,0 94.6 so.o 64.6 50,1 ~ • .3 36.8 30.8 24.7 10.1 S,1 
15 54.3 7.7 100.0 93.8 77.0 6o.2 49.4 4.3.0 40.3 34.0 27.7 11._3 9.6 
Av. 100.0 '24.2_ 78.5. 62.4 49.$ 42.2 3$.6 32.4 25.2 10.7 8.9 
t?-
Table 3 - Gradation of Laboratory Aggregate Blends (Cont 1d.) 
AgiSTegate Opt. % Passing Grad. Blend Grad. % 
GrouP No. Hod, Asp.* 1" 3/4" 1/?0 3)8° No, 4 No. 8 No. 16 No. 30 No, 50 No, 100 No. 200. 
8 
9 
10 
24 . 570 8.<;) 100,0 97.8 _20,0~ 82.1 57.4 42.0 35.0. 28.5 22.0 9.0 
5 
22 
Av. 
20 
25 
Av. 
578 
580 
611 
623 
9.2 100.0 
8.3 100,0 
100,0 
9.8 100,0 
9.4 100,0 
100.0 
100.0 97.0 93.0 62,0 40.0 
96.3 85.0 74.0 57.0 46.4 
28.2 21,0 8,2.2 22·2 4,2.2 
95.8 84.0 72.2 60.3 53.0 
98.2 91.8 85.0 64.7 51.6 
:n.p _!17.9_ .'78.6 ... 62.5 52.3 
31.0 24.5 18,0 8.0 
40.9 34.0 27.0 11.0 
,26.0 22 ·.2 22.2 2·5 
48.2 40.5 32.7 13.2 
44.8 37.0 29.2 11.8 
46.5_ 38.8 31,0 _12.5 
6.6 
4-5 
8.6 
6.6 
11,1 
9.0 
10,1 
11 17 647 8.9 100,0 92.8 83.0 73.1 65.5 60.9 56.3 47.6 38.8 15.6 13.6 
12 23 674 7.7 100.0 97.1 93.0 88.1.. 72.3 61.1 54.5 45.4 36,2 _14.6 - __ 11.2 
13 26 677 9.8 1oo.o 28.6 2.2.5 88.A 72 • .2 61.1 54·2 45.4 ,26.2 J4.6 
*Optimum Asphalt Content Determined In Subsequent Tests On Mixtures With PAC-5 
11...2__ 
"' \fl 
Table 4 - Marshall Stability Test Data by Gradation Groups - Laboratory Study 
!!ill!:e~te Optimum Marshall Unit %Voids 
Grad, Blem Grad, Type % Stability Flow Weight Filled Total 
Group No. Mod. Bitumen Asrhalt No, 1/10011 Total Mll W/Asphalt Mll 
D 10 279 PAG-5 6.4 950 21 135,0 2.7 11.2 
F 11 340 PAC-5 6.8 1200 24 137.3 65 8.4 
11 340 PAG-8 6.4 630 20 130.3 51 12.4 
Av, 
.240 6.8 1200 24 1,27.3 65 . 8.4. 
1 6* 381 PAC-5 8,7 660 22 126.8 57 :u,..o 
12 398 PAC-5 8,0 1330 26 138,0 76 6.0 
12 398 PAC-8 7.7 970 21 138,8 69 7.2 
Av. ,298 8,0 1,2,20 26 138.0 76 6,0 
3 8 426 P!I.C-5 7.5 950 21 137.0 68 9.0 
16 41}3 PA.C-5 7.7 1230 23 141.3 71 4.6 
Av. 43 7.6 1090 22 139.2 70 6,8 
4 13 458 PAC-5 8.3 1080 27 138.8 78 5.2 
13 458 PAC-8 8.3 710 30 140.2 77 4.5 
18 469 PA0...5 7.7 1120 26 138.0 72 6.5 
18 469 P:!I.C-8 8.2 1080 22 135.8 68 7.9 
Av. 464 8,0 1100 26 138.4 75 5.9 
5 4 484 PAC-5 9.7 900 22 134.8 78 5.7 
4 484 PAC...8 9.6 980 30 135.0 77 6.5 
2 498 P!I.C-5 8,8 1230 30 139.0 79 5.6 
2 498 P!C-8. 8.9 890 27 138,0 72 6.8 
Av. 491 9.0 1065 26 1,26.9 79 5.7 
6 3 509 PAC-5 8.3 1220 21 135.6 71 7.2 
9 509 PAC-5 8.4 1210 24 139.6 85 4.3 
"' 1 521 PAC-5 8,8 1000 23 138.0 78 5.0 ~
21 521 PA.C-5 8.6 1190 26 138.6 76 4.9 
14 523 PAC-5 9.0 1100 26 138.6 74 6.6 
l4 523 PAC-8 8.3 1080 25 ll,.0.5 77 4.0 
Av, 517 -- 8,{1 1224 24 138.1 77 ;;.6 
Table 4- Marshall Stability Test Data by Gradation Groups -Laboratory Study (Cont1 d) 
Aggregate Optinn:on Unit %Voids 
Grad. Blend Grad, Type % 
Harshtll 
Stability 
No. 
Flow Weight Filled Total 
Grou,2 __ Ng. _ _ _Mod_. Bi tmnen J.sphal t 1/10011 Total Mix W/Asphalt llix 
7 19 54l PAC-5 8.5 1050 23 13S.3 7S 4.S 
15 543 PAC-5 7.7 1230 23 w.o 71 5.5 
Av, 542 S.l 1140 23 139.7 75 5.2 
8 24 570 PAC-5 S.9 940 32 137.8 77 5.8 
" 57S PAC-5 9.2 1260 26 137.3 81 5.0 
-
9 
22 580 PAC-5 8.6 580 23 137.7 77 5.5 
Av. 572 8.2 220 2;5 1,27.2 79 ~ 
10 20 611 PAC-5 9.7 1200 22 138.6 85 4.9 
25 623 PAC-5 9.4 1030 23 136,2 76 5.3 
!v. 617 2·6 111~ 2,2 1,27./± 80 5.1 
ll 17 647 PAC-5 8.9 1290 20 136.2 73 6.2 
12 23* 674 PI\.C-5 7.7 500 17 133.0 61 10.4 
13 26 677 PAC-5 9.8 1400 18 136.2 78 5.5 
*Disregarded in Eva1wtion of Mi..-'Ctures - Not Represented in Figs. 5 and 6 
Note 2 Avereges refer to mL;;:es with PAC-5, am only those mixes are represented in Figs. 
5 am 6. . 
N 
__, 
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PART II 
CONSTRUCTION OF EXPERIMENTAL PAVEMENT 
Field work on the experimental pavement was not only spread over two 
construction seasons, but it was carried out from the two different ends 
of the road. Mar~ variables· in aggregates, bituminous materials, and paving 
mix designs were introduced, and near the close of the project even the 
thickness of binder and surface courses were varied to accommodate the dif-
ferent mixes. However, the total thickness was kept constant except in 
unusual instances where additional thickness was necessary to correct the 
crown, superelevation, or weaknesses that developed along• edges or during 
premature cold weather exposure. 
Despite these variable conditions, effort was made to regard the work 
and conduct it in much the same manner as pavement construction carried out 
by contract. The object, of course, was to judge the feasibility of sand-
stone from the standpoint of routine Department operations. 
Subgrade •.and Base-course Investigations 
In February of 1950 9 the Research Laboratory made an investigation of 
existing subgrade and base conditions on the proposed test road. SUbgrade 
samples were taken at selected locations covering the entire section. The 
soils were classified and maximum density and optimum moisture content 
determined. Also, .the CBR values were determined to furnish as estimate 
of desirable mat thickness. Table 5 summarizes the soil test data. 
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Table 5. Results of Tests on Subgrade Soil Samples .. 
Gr ada t.J.on Compaction 
Max. Opt. 
Sample Sand Silt Clay Liquid Plasticity Density M.C. C.B.R. 
No. % % % Limit Index #/cu.ft, % 
1 29 36 35 26.2 7.9 117 13.6 4.5 
2 82 13 5 non-plastic 117 13.0 30.4 
3 35 38 27 27.4 6.4 113.8 14.7 5.2 
4 23.9 3·3 121 11.4 9-7 
5 21 41 38 31.7 5.7 111 16.6 3-7 
6 38 37 25 28.7 5.4 117 14.4 3.0 
7 38 33 29 27.3 5.7 114 14.6 9.7 
8 40 32 28 22.5 3.2 116.6 14.0 5.3 
9 43 35 22 27.3 3.1 111.2 15.2 5.3 
10 20 44 36 34.5 11.8 111.1 15.9 2.5 
11 15 64 21 29.2 8.2 110.1 16.2 2.0 
12. 46 33 21 22,1 4.9 117.4 13.4 7.3 
13 43 32 25 25.1 6.4 116.2 15.5 10.0 
14 35 28 37 32.8 10.9 111.4 16.5 3.7 
15 39 35 26 29.8 9.8 113.4 14.8 7.3 
Average 6.6 14.6 
Note: Sample 2 is not included in average C.B.R. 
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The subgrade was predominately a 11 clay loam" soil with low CBR. With 
the elimination of sample No. 2, which was a sandy material; the CBR average 
was 5.6 - a value that is probably close to average for the state in general. 
According to Kentucky design criteria*, the required mat thickness for this 
CBR value was 8.5 inches with Kentucky Class II traffic assumed. 
Base-thickness was measured at intervals of 0.1 to 0.2 miles through-
out the project and at five points transversally across the road at each 
of these locations. Table 6 in .llppendix III contains the base-thickness 
data together with the widths ·of the roadbed. The average measured thick-
ness at the center line was slightly under 2 inches, which in combination 
with the proposed 3-inch bituminous pavement indicated that the total mat 
thickness at best would be far short of that considered adequate in accor-
dance with subgrade CBR values. 
The project was set up as a pavement study with no provisions for 
adding base material during the 1950 construction season. During· the winter 
of 1950 and spring of 1951, additional crushed sandstone and some limestone 
was placed in Breathitt County. The total amount placed was approximately 
4000 tons. This material was used primarily to strengthen very weak areas, 
but it was also placed in varying amounts over 20 miles of road. The depth 
measurements listed in that part of Table 6 pertaining to Breathitt County 
were made after the additional material was placed. Approximately half the 
* - Baker, R. F. and Drake, w. B., "Investigation of Field and Laboratory 
Metnods for Evaluating Subgrade Support in the Design of Highway Flexible 
Pavements," University of Kentucky, Engineering Elcperiment station 
Bulletin No. 13, September, 1949. 
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total quantity of additional material was very soft sandstone which broke 
down to sand (Fig. 7). When it was placed in dry· periods, most of this 
material was lost. However, the stone was bound into the base and proved 
beneficial when it was placed and compacted by traffic during periods of 
high moisture on the surface. Some of the sandstone was of harder quality, 
and this performed well as a floater course. In moist areas or during 
moist periods it bound into a hard, compact mat (Fig. 8). 
Constant operation of a blade grader during the paving season, and 
frequent blading and shaping in the spring prior to paving, accomplished 
a great deal in the distribution. of stone throughout the full width of 
roadway. Without this operation the edges would have been practically 
without base material in most locations. 
Corrective measures would be equally applicable to other existing 
traffic-bound roads in the sandstone region which have surfaces too narrow 
to accommodate a desirable width of pavement. Redistribution does, of 
course, reduce the thickness of base in the center section of the roadway, 
which is a condition rarely if ever desirable. Utilization of friable 
sandstones which overlie most usable deposits and which must be stripped 
from a quarry site could have a broad application to the strengthening of 
edges. By blading, this 11low quality" stone may be mixed with sufficient 
material having binding qualities to provide a compact mat. Other uses in 
addition to strengthening the edges such as the correction of warped roadbeds 
without disturbing the existing compacted base, offer possibilities too. 
Unlike other quarry wastes, the soft sandstone must be removed and handled, 
it requires little or no processing to reach usable size, and under those 
circumstances it is a local aggregate having some considerable value. 
- 32 
Fig. 7. Blading traffic-bound sandstone during a dry 
period. The soft sandstone added between the 1950 
and 1951 seasons was pulverized and most of it lost 
unless the road was wet during the period of place-
ment and compaction, in which case it did bind well. 
Blading of the open surface was careful and constanto 
Fig. 8. Traffic-bound surface with sandstone of medium 
hardness. At the time this picture was taken the 
surface was moist and practically all the stone was 
held in place. 
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Preparation of Roadbed for Paving 
Prior to priming, the roadbed was shaped as much as possible with a 
motor grader. With the exception of early stages in the operation when 
there was not sufficient time available for shapin~ in advance of pavement 
construction, the shaping operation was successful and improved the section 
and crown of the roado Within the portion "VIih ere operations started, earlier 
grading had thrown most of the stone toward the center, and attempts were 
made to redistribute this material over the entire roadway9 provided the 
time interval between shaping and paving was sufficient to permit compaction 
by traffic. 
The road had, at one time, been given a very light surface treatment 
of stone and M.C. asphalt, but it was later scarified and returned to a 
traffic-bound surface following a destructive spring breakup. In some places 
the old treatment was intact, the asphalt from that surface had re-bound the 
aggregate and this made grading difficult. These conditions undoubtedly 
contributed to unsatisfactory cross sections in a few places. 
Although the project called for a 20-foot pavement width, some sections 
of the roadbed were not sufficiently wide to accommodate it. Local mainten-
ance forces attempted some widening but through lack of compaction, these 
strips remained soft and will probably be subject to considerable settlement 
throughout the life of the pavement. Fortunately, conditions of this type 
were limited in number and not of great extent in comparison with the over-
all project. 
Just prior to application of the prime, floater material was bladed 
to the shoulders with the grader, and no other attempt was made to clean 
the surface. 
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The prime consisted of two applications at the rate of 0,2 gallons 
per square yard each~ The first covered the entire 20-foot width with the 
addition of a short-bar along the edges. The second application was usually 
made on the following day, In most cases the 'priming was done well ahead 
of the paving operation to provide at least one week for curing. In some 
exceptional cases, it was left exposed for one month (Fig. 9). Weak spots 
or stripped areas which developed were retouched with light treatment of 
the prime. 
,~ost of the project was primed with RT-2 which generally proved sati-
sfactcry. In a few cases where the interim curing period was too short, 
blisters formed in the pavement. This was attributed to pressures created 
by the sealed-in volatile materials of the tar, It has not yet been deter-
mined whether these spots have suffered any permanent damage. 
Approximately 10,000 gallons of MC-0 was used to prime a 2.1-mile 
section located in the vicinity of Gauge. This was applied by the same 
method and at the same rate used for the RT-2, but the discharge seemed to 
be more concentrated at the center of the spray-bar. As a result of the 
light application at the extremities, additional treatment using the short 
spray-bar was required, but even so the total applic;ation averaged 0,4 
gallon per square yard, 
Immediately following application and for some time thereafter this 
material was light brown in color, but it changed to a darker brown after 
' 
puring. In general it lacked the ability to bind the surface or to penetrate 
in areas having a fine or dusty texture, and as a result, it became tacky and 
picked up badly under traffic (Fig. 10). In other areas coarser in texture, 
tlus difficulty was not encountered. Also, moisture in the base was detri-
mental, and apparently had more effect on the MC-0 than on the RT-2. 
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·Fig. 9. Traffic-bound surface with RT-2 at the rate of 
0.4 gallon per square yard. This prime had been in 
place three weeks and subjected to heavy traffic. The 
primed surface was dense and had very little coarse 
stone in evidence. 
Fig. 10. Traffic-bound surface pr~~ed with MC-0 at the 
rate of 0.4 gallon per square yard. This prime had 
been in place two weeks and subjected to heavy traffic. 
The primed surface in this case was coarse textured. 
Patches had been placed over spots where the prime had 
been "pulled". 
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Aggregate Production 
Quarrying Operations - The initial quarry was located one mile west 
of salyersville on UoS 460 and approximately 0.1 mile from the junction of 
u.s. 460 and SR 30 which is the northern end of the experimental project. 
The crushing plant was located one mile south of this junction on SR 30. 
The quarry, which W"S an open pit operation as shown in Fig. 11, 
contained approximately 40 feet of sandstone overlain by about 25 feet cf 
overburden, Although the sandstone was uniform in appearance, apparent 
specific gravities varied from 2.51 to 2.75. Percent wear by los Angeles 
Abrasion at 100 revolutions varied from 14.9 to 17,3 which is considered 
good for sandstone. The stone varied slightly in each succeeding stratum, 
and the strata varied in thiclmess from a few inches to apJr oximately six 
feet. It was ~practical in this location to separate grades of stone and 
as a result average values were assumed to represent the entire quarry 
product, Although the extent of usable stone was not determined in this. 
location, it was more than adequate for the project. Overburden, however, 
would present a problem in future operations. 
This sandstone was very tough and very resistant to fracturing (see 
Fig. 12), Also, the tendency to "block out" in large pieces was increased· 
by seams between strata. Because of this more 11popping 11 work was necessary 
to reduce the stone to a size acceptable at the crusher, The quantity of 
powder per ton of stone was, in the opinion of the quarry foreman, approxi-
mately ten percent greater than ordinarily required for limestone. It was 
later found that fractionation of the stone could be greatly increased by 
proper use of delqved charges. 
Fig. 11. Salyersville Quarry. Strip-
ped area; 100 x 200 ft. Exposed 
face; approximately 40 feet of us-
able stone. 
Fig. 13. Quicksand Quarry from the 
entrance, showing east face. 
Level No. 2 as shown in Fig. 15, 
is being worked. Part of level 
No. 3 is shown at the right of 
ramp. 
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Fig. 12. A typical blasting, Salyers-
ville Quarry. Note considerable 
quantity of stone requiring "pq:ping". 
Fig. 14. West face of Quicksand Quarry. 
The top of level No. 2 is just above 
the compressor at the center of the 
picture. This level "pinched out11 
along a line beginning at boulders in 
the background and extending to top 
of ramp nearest compressor. 
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The abrasive action of sandstone produced rapid wear on drill bits 
but this was considered a minor factor. The abrasive effect of dust was 
noticable on all equipment, but was more serious at the crusher and plant 
than at the quarry • 
Qu~rrying operations at the Salyersville location were seriously 
curtailed by frequent breakdowns of the shovel. This diff'icul ty, however, 
was attributed to the very poor condition of the shovel rather than to 
any effect of sandstone. Production was so seriously affected that paving 
operations were at times suspended due to a shortage of stone. 
Total production of stone from this quarry was approXimately 30,000 
tons of which approximately 18,000 tons were used in the paving operations. 
Approximately 2,000 tons of the remaining stone was used as base material 
on this project. The rest was used for traffic-bound surfacing on other 
roads and for other purposes. 
The second quarry was on SR 15, one-half mile west of the j~nction 
of SR 15 and SR 30 in the vicinity of Quicksand. The quarry site lay in 
a ravine with stone on each side and beneath the drainage way (Fig. 13 and 
Fig. 14). This location, like the one at Salyersville, had been worked 
previously but to a limited extent and only a small amount of stone was 
exposed. To gain additional information, core drilling operations were 
started during the winter of 1950-51; but due to weather conditions and 
- slow progress in drilling, this work was abandoned after one hole was 
drilled and a second partially completed. The one hole completed indicated 
that usable stone extended approximately 12 feet below the existing quarry 
floor. However, sru1dstone formations in this area vary greatly in thick-
ness and in many cases "pinch out" entirely in very short distances. 
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Therefore, it could only be assumed that this stratum extended throughout 
the quarry area. In the spring of 1951, it was decided to proceed with the 
quarrying operation without additional subsurface investigation. Overburden 
was removed from an area approximately 200 feet by 400 feet. 
Approximately 15 feet of the near-surface sandstone, shown as overburden 
(Fig. 15) was too soft to be of any value. It was thin bedded, separated by 
shaly strata, and poorly cemented. Its color varied from gray to dark brown 
depending o~ the extent of weathering. 'Practically all of this material was 
used as land-fill. 
lti 
' Sand)' Snole 
Fig. 15. Generalized section of the Quicksand Quarry. 
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Beneath the overburden, and covering approximately one-fourth the 
quarry area, lay 6 to 8 feet of very friable gray sandstone. Approximately 
2,000 tons of this material was crushed for traffic-bound surfacing or 
strengthening of the base (see Fig. 7). The remainder was left in place 
for whatever future use might be made of it. It was not used as a paving 
aggregate. 
The next ledge termed Level No. 1 in Fig. 15, was also a soft'f stone, 
but of somewhat better quality than the stratum above. It was approximately 
9-feet thick, gray in color, and was considered a border line stone for use 
in paving mixtures. The Los Angeles Abrasion test on this stone averaged 
approximately 40 percent wear, and fragments of the material could be broken 
by hand. 
The next lower stratum, which is Level No. 2 in Fig. 15, was a harder, 
gray sandstone of medium quality. The thickness of this ledge was approxi-
mately 10 feet. It was quarried extensively and used in the majority of 
pavement laid in 1951. Although it was impossible to blast stone from this 
stratum separately, very little of the softer or harder stones was mixed 
with this material during quarrying. This material had a Los Angeles .Abra-
sion loss of approximately 30 percent. The stone was reaso'nably uniform 
on the east side of the quarry, but the extent and ,quality remaining is 
not known. On the west side of the quarry the stratum pinched out within 
approximately 100 feet of the original opening and merged into a sandy 
shale stratum. 
The lower stratum, designated Level No. 3 in Fig. 15, was the hardest 
stone found in this quarry. It was a rather coarse-grained, gray sandstone 
* soft stone is intended to ne an weakly cemented stone, and in no case 
implies the use of shaly material. 
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and had few seams. This material was approximately 20 feet thick, and the 
extent of the stratum had not been determined by the close of operations 
in the fall of 1951. Los Angeles Abrasion, percent wear at 100 revolutions 
was approximately 18 percent which was about the same as that for the 
Salyersville stone. The majority of this stone was mixed after crushing 
with the softer stone from the stratum above, and used for paving mixtures 
during the latter part of the 1951 season. 
The quarrying operation at Quicks-and was mater:ially improved over 
the Salyersville operation. The shovels were in good condition, and other 
equipment functioned well. As a result, the supply of stoJle was continuous 
and adequate. 
Crushing Operations - Equipment for the crushing operation is shown 
in Figs. 16 and 17. The primary crusher was a 24-inch short-jaw crusher. 
For this operation, the crusher was adequate and functioned well, but it 
is believed that a long-jaw crusher would have expedited the operation by 
obtaining better fractionation and faster reduction. Reduction in the pri-
mary crusher was limited to approximately 3-inch maximum size to prevent 
overloading the secondary crusher. When the quarry product was large, this 
retarded the crushing operation. 
The secondary crusher was a gyratory cone-~e machine which performed 
well· and was set to produce a maximum size of 3/4 or l-inch as desired. 
_The product of' these crushers was principally llchunky" in shape with little 
flat and elongated material. 
The grading unit was a horizontal screen, vibratory-type with four 
bins. Screen qrea of' a given opening in this unit was smaller than might 
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Fig, 16. Aggregate crushing plant. The primary crusher 
is at left; gradation unit and bins are at right. The 
secondary crusher is just to the left of the bins. 
Fig, 17. Near view of crushing plant. Jaw crusher -
extreme right; power unit - center; gradation unit -
upper left; and cone crusher - lower left. 
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be desired. The quanti~ of undersize stone produced in each grade was 
normally high and became even greater with any increase in the moisture 
content of the quarry product. 
·Output, when the crusher was supplied with stone, was approximately 
50-inns per hour. Tbis quantity was exceeded on many occasions when the 
quarry product was finely fractionated. 
Crusher Products -When crushing was started at Salyersville, the 
aggregates were graded into four different sizes which, for the purpose 
of this project, were given letter designations to distinguish them from 
the Department of Highways standard sizes designated by numerals. The 
gradings in comparison with standard sizes were so dissimilar that an;v 
attempt to correlate the two designation systems would be confusing. 
The same four designations with some modifications in gradings were 
carried over to the Quicksand operation, and two additional gradings were 
added late in the 1951 season in order to balance crusher production and 
provide for a new combination of binder and surface-course mixtures. The 
gradings and letter designations were as follows: 
Project 
Designation 
Grading 
Size Limits (in inches) 
Salyersville Quicksand 
A OO<>GfiOOCII><IOOO•ooOOOODftOOO 1 to 1/2 " " 0 ........ 1 to 5/8 
B., 0 o o o o'o o o o <> o ~ o • 8 0 0 eo o • 0 o o lj2 to 3/8 ooooooo 5/8 to 3/8 
Co .. O<>OeOOitiDO<>•<>DOC>eoQ0<>000 3/8 to No. 4 .... 0 Cl .... 3/8 to No. 
D .. a ., .. , .. ., ........ ., ., ..... a .. ., .......... o ., o , o o .. ., ... No .. 4ooo.,oo<><>Cio<>4..., NOe 
E .. o" "" "t> "" o" o .. "o"., .... o "o o eo" o o o o • o .. • ".,. o. o o " .. o., l to 3/8 
Fe 0 o a o o 01 o 0 o o" <> o o o o o o o <> o o o 6 o o o o <> o a o It • a <> o o o o 0 o 0 o c o o o 0 .,.. 3/8 
4 
4 
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Actually, for most of the material produced at both of the locations the 
maximum size on the stone A was 3/4 inch. 
Limitations in the grading equipment combined with a maximum 4-bin 
storage contributed greatly to the early adoption of unusual grading classi-
fications. The crushing characteristics of the sandstone influenced this 
decision also, since utilization of the entire crusher production was a con-
stant objective. 
It was found earb.er in the preparation of stone for laboratory test-
ing that these materials tended to crush 'to maximum and minimum sizes with 
very little intermediate material being produced. This was borne out in 
field work. Because of this, it was necessary to adjust the secondary 
crusher to a minimum opening to produce the necessary intermediate sizes 
and to depend on the primary crusher to produce the coarse material. This 
method produced satisfactory results even though it further increased the 
yield of stone with grading D. To absorb this excess production the grada-
tion of the bituminous miXes were varied accordingly. 
While variations in hardness ··or the stone or more properly the cementa-
tion of the stone was partly responsible for the crusher product, other in-
fluences were even more influential. Insufficient screen area, rapid transit 
of the stone over screens, overloading of the grading unit, and variations 
in the moisture content of stone received from the quarry were primary 
factors. When the stone was wet, fines would cling to both the coarse 
particles and to the screen mesh, thus failing to pass through and into the 
bins below. For that reason, there was unusually high "carry-over" to 
larger screens and to bins designated for larger size stone. 
Table 7 (Appendix IV) contains data pertaining to the crusher product 
for both seasons work, and Figs. 18 and 19 illustrate with curves the average 
size distribution of material in the different grading classes. With respect 
to the Salyersville Quarry, only gradings A to D were involved, and in that 
case the stone was uniform and comparatively hard. For the Quicksand pro-
duct, the intermediate and hard grades from Levels No. 2 and No. 3 of the 
quarry were invol".red in all six of the gradings. Soft stone from Level No. 1 
was restricted to gradings E and F. 
The data in the far right column of Table 7, emphasize the unusually 
high percentage of undersize, a condition which is apparent in the gradation 
curves of Figs. 18 and 19. It should be noted that in this operation. there 
was no provision whatever for oversize, so that on production of 3/4-inch 
maximum stone (Grading A) at Salyersville, for example, the largest screen 
opening was 3/4-inch and everything coarser was rejected to the secondary 
crusher for reprocessing. 
The production of all grades was determined by checking total crusher 
output at intervals throughout the project. Average production of graded 
aggregate was as follows: 
Grading Pet. of Total Production 
A 000000<)001<><>"""""""'000&000& 26.9 
B ooooOOOQOo•'Oooo<>O<>Of:IOoooe& 22.5 
c ooo .. oo.ooooo<>oo•ooooooooooa 20.6 
' 
D ooooo<>ccooootoo••o•u<>&ooooo ~ 
100 
E oooooooooooooooooooooooooe 49.3 
F ooooeoooooooooooooooooooo& so. 7 
100 
COARSE AGGREGATE COARSE SAND FINE SAND 
100 
' 
" 1\ -~ F.IG. 18 90 VD 1 "' ~ AVERAGE GRADATION OF THE 80 FOUR STONES PRODUCED \ '\ (Includes Both 1950 a 1951 ) 70 ~ Stone Screen % Undersize A-p i ~ No. Limits c ~ . A !" to 1/2" 45.0 (!)60 r---- v \ B- 112" to 3/8" 72.0 ~ B - 7 ~ v (f) i\ c• 3/8" to*~-4 58.0 (f) <t50 \ .\ D . , less than #4 -Q_ ... ..... .--.,_ . - .. ,._ ~ I I 0 . ··. 1\ 40 \ _\ ·.· . -·-- -- .... -----~-. I 30 \ \ . . .. . 20 r--r-- ~ ~ -r--. 10 1'- ~ ' 
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It made little difference in the overall distribution or percentages of 
sizes whether the material was produced by two-size or four-size separation. 
For example, grading F in the two-aggregate production was equivalent to 
gradings C and D combined in the four-aggregate production, and the F material 
was ')0,7 percent o.f total two-agp,regate output; in comparison the combined 
C and D materials contributed ')0.6 ·percent of the total four-aggregate output. 
The same similarity, of course, applied to material of grading E in compari-
son with A and B combined. 
There was, however, an appreciable though not great difference in the 
rate of producUon on the total amount of" stone produced per day when the E 
and F rather than the A to D combination was separated, The average rate 
throughout a 78 workingc"<Clay test period from June to October, 1951, was 351-
tons per day, This included all types of production and also all days "\\hen 
any amount of stone was produced. Hence, the average was influenced by days 
of heavy raini'all, periods of breakdown, and other non-productive intervals 
that entered on days when some aggregate was crushed. In view of the fact 
that the crushing and grading plant was a rated 50-ton per hour set-up, the 
average rate of production speaks well for t.his phase oft he operations. 
Distributions of tonnage by days, and also the distribution o.f percent-
age production by gradings and by days are shown in the bar graphs of Fig. 20. 
The bars at the top indicate more unifonnity in distribution of sizes for the 
-two-aggregate gradings (E and F) than for the A to D four-aggregate produc-
tion, despite the fact that average percentages within this size range were 
almost identical for the two types of production, as noted in the tabula-
tion above. Total production .for the 78-da:y test period was 27,380 tons, 
of which about 4000 tons consisted of soft stone. 
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did not show ru> appreciable increase in the amount of material passing No. 
100 and No. 200 sieves, undoubtedly much greater percentage of fines deve-
loped in the dryer but most of this was lost through the stack. 
Because of the degradation it was necessary to establish all aggregate 
designs from the material in p] ant bins. This is the usual procedure but 
it was obviously more importm>t in the case of sandstone. Naturally, degra-
dation had a definite bearing on crushing operations required to produce 
a given mixture. 
During the first season and.part of the second, loss of fines or dust 
through the stack constituted a major nuisance and even a health-hazard for 
the personnel not to mention its adverse effect on the operation of equipment. 
Later in the project a wet-type dust collector was installed but no provi-
sions were made to return the fines to the mixer, For future operations 
such provisions should be included to eliminate the nuisance and at the 
same time reduce the percent voids in the paving mixture, 
The gradation unit consisted of a three-stage vibratory screen and 
three bins. Aggregates from the bin flowed through calibrated gates and 
onto a moving apron which was interlocked with the mixer to produce a uni-
form rate of feeding. The screens feeding the coarse and intermediate bins 
were changed in accordance with the mix desired. The fine screen was, for 
the majority of the project., a No, 4 square-opening screen, Frequent 
clogging occurred in the fine bins, a condition which could have been over-
come with a vibrator mounted on the bins. 
As mentioned before, the approximate method of supplying the cold feed 
caused variations in aggregate gradings, and these variations were greatest 
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in the fine bin. At times the bulk of material in this bin fell in the 
No, 4 - No. 8 range, ru1d at other times there would be relatively little 
material in that range while the bin was mostly filled with stone finer 
than the No. 8 screen. Greater control would have been possible with a 
four-bin plant providing for an additional separation on the No. 10 screen, 
for example. A two-aggregate feeder replaced the gradation unit when pro-
duction was shifted to the E and F aggregate gradings and both binder and 
surface mixes were made from one or both of these gradings. 
The mixer portion of the plant was a continuous-type device having 
a rated capacity of 30 to 60-tons per hour. Bituminous'materials were 
supplied to the mixer through a volumetric pump and at a temperature held 
close to 250°F for the PAC or NAC materials or 200°F to 225°F for the 
RT-10. The pump was interlocked with other feeding mechanisms to insure 
correct delivery of bituminous materials in relation to the rate of aggre-
gate delivery. 
Calibration of the plant consisted of calibration for the feed gates 
on the gradation unit and for the pump. Gates were calibrated for each 
aggregate blend, but the pump was calibrated only once at each plant loca-
tion, and that was done at the beginning of operations. A 9 percent correc-
tion from the rated output of the pump was indicated, and this was assumed 
applicable for all grades and types of bituminous materials, 
In order to avoid interference with the normal operations of the plant, 
changes in mixture design and control adjustments were made when the plant 
was shut down for the noon hour or at the end of a day's run. Minor adjust-
ments on agr;regate feed were made as required during operation. 
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Mixer wear-plates and mixer blades deteriorated rapidly under the 
\ 
abrasive influence of the satldstone. Although specific data were not talen, 
it was estimated that wear on these parts was at least twice as great as it 
would have been with most other aggregates. 
Paving 
Paving began at the Salyersville end of the project in July, 1950; 
and upon completion of a 2-mile section, later referred to as the Accelerated 
Traffic Section, paving was started at a point 8 miles south and proceeded 
northward toward the nrixing plant. The S~ile gap was closed with the binder 
course, but only 7 miles of surface could be laid before the end of the 
season. This remaining mile of surface was laid at the beginning of the 
1951 season. 
During the winter the mixing plant was moved to a point near the new 
quarry location at Quicksand, and paving proceeded southward throughout the 
1951 season. All experimental paving allocated to the project was complete 
at the close of the second season. 
Paving Equipment - Paving equipment consisted of a 10-ton tandem roller, 
an Adnum Black-top.paver, pressure distributor, trucks, and incidental tools 
for hand-finishing. 
The paver was a rather old model (Fig. 23) but nonetheless serviceable. 
Considerable difficulty was experienced in keeping the rolls clean and in 
preventing material from picking-up and scarring the surface. The load was 
apparently heavier on the paver rolls than on the tandem roller, as evidenced 
by aggregate particles crushed under the paver (Fig. 24). Agitation in the 
paver hopper was not sufficient to compensate for segregation that occurred 
Fig. 23. Paver and roller in operation, 
laying a binder mixture. Note,"pick-
ing-up" in roller tracks. 
Fig. Binder mixture 
from truck into paver 
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·Fig. 24. Paving with two~aggregate 
binaer mixture. Note, crushed 
particles in tracks of paver rolls. 
Fig. 
binder mixture. 
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with some mixes at the time they were dumped (Fig. 25) and this made the 
edges and center of the pavement more porous than the central portion of 
the lanes. That condition applied particularly to binder mixes. 
The tandem roller seemed to provide adequate rolling for all the mix-
tures used. In most cases where checks were made, densities exceeded those 
obtained by laboratory compaction (See Table 12, Appendix IV). A sui table 
three-wheel roller was not available and according to the evidence was not 
needed, so there was no comparison for compactive characteristics under 
the two types of rollers. 
Paving Mixtures - No attempt was made to restrict any of the e:xcperi-
mental paving mixtures to a specific length or location. There were 25 
binder mixtures and 15 surface mixtures, many of which were placed at 
several different locations to minimize the influences that might arise 
from inadequacies in ba,se support. Some of these mixtures were very similar 
and probably did not justify individual consideration or designation. When 
more specific data can be obtained from corings on the experimental sections, 
mixtures that are similar will be consolidated into a single category. 
Tables 8 and 9 in Appendix IV, contain gradation data for all surface 
and binder mixtures respectively. Tables 10 and 11, also in Appendix IV, 
contain Marshall Stability test data for all paving mixtures. The mixtures 
are listed chronologically and by mixture numbers, and their locations are 
recorded on the layout sheets in Appendix VI. 
The design bitumen contents listed in Tables 8 and 9 were selected 
on the basis of gradation modulus of the aggregates and the relationships 
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between gradation modulus and bitumen contents developed in the preliminary 
laboratory study. The actual bitumen contents attained during production 
were determined by extractiqns and are tabulated for comparison. 
A great amount of information important to future interpretation of 
the test pavement is contained in Tables 8 to 10 inclusive, because the 
samples define the properties of mixes actually placed at certain locations. 
According to the assembled data, production from almost any of the mixes 
was much more uniform from the standpoint of gradation than from the stand-
point of bitumen content. Some variations in bitumen content were intro-
duced deliberately; however, most of the variations in the order of +- 0.5 
percent from the design figure were not intentional and represent produc-
tion variables. 
The Marshall Stability test , as carried out in the field laboratory, 
was not for design purposes since the general relationships ·had been worked 
out previously in the preliminary laboratory study. Similarly> the test 
was not used for plant control as such, it being recognized that the vari-
ables would be rather great in the utilization of the sandstone. In the 
course of the field laboratory work, it appeared, on the basis of Marshall 
test data, that the variations were so great that they were almost intoler-
able. However, samples cored from the road indicated more uniform and much 
more satisfactory properties for most of the mixes, 
Arrangements for the bearing block or anvil on which samples were 
compacted at the field laboratory were not rigid enough to provide condi-
tions comparable with those that are standard in the laboratory, and that 
accounts for the mixes falling far short of design criteria when compacted 
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at that location, Comparisons between properties determined from compacted 
samples versus cored samples are listed individually in Table 12, contained 
in Appendix IV, Coring and testing of cored specimen and treated later in 
this report. 
The photographs in Figs, 27 to 29 inclusive illustrate textural charac-
terisitics of some of the binder and surface mixtures while they were in the 
process of placement or after they were finished, Tendencies toward crushing 
under the paving equipment was much more prevalent on the coarser binder 
mixes than on the finer-graded surface mixes, There was practically no 
crushing in evidence when the dense-graded surface with a maximum 3/8-inch 
size (aggregate grading F) was placed. This materi.al is illustrated at 
the top of Fig.·29. 
Observations - Particular attention was devoted to the handling and 
working characteristics of the paving mixtures as influenced. by paving and 
rolling temperatures, aggregate gradation, bitumen cont.ent, and firmness of 
the underlying base, In general_, all the operations were straight forward 
and no different from similar operations in pavement construction with other 
aggregate materials, However, some points.are worthy of record. 
The majority of asphaltic mixtures were laid at temperatures below 
250°F. and on warm days they could be laid satisfactorily at temperatures 
as low as 2QOOF, A temperature of 220°F. was the minimum desirable on cool 
days, Regardless of atmospheric temperature there ovas no particular ad-
vantage noted with laying temperatures exceeding 260°F. The mixes contain-
ing RT-10 were almost invariably laid at temperatures ranging from 180°F 
to 200°F, and theJ' worked satisfactor·ily at those temperatures. 
Fig. 27. Texture of ·relatively dense binder mixture 
after two passes of the roller. Loose particles 
on the surface had been "picked-up" and in some 
cases crushed. 
Fig. 28. Approximate~ the same location as shown in 
Fig. 27, but after rolling had been completed and 
some light treSfic had passed. Crushed aggregate 
was in evidence. This condition was generally 
typical of all mixtures having aggregate larger 
than ~~inch maximum sizeo 
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Fig. 29. Range in texture of surface mixtures. Top -
typical surface mix with minus 3/8-inch crusher-run 
aggregate; center - dense-~raded mixture having a 
maximum aggregate size of 2-inch; bottom - mix with 
same maximum size but containing a smaller percentage 
of fines. 
60 
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Hand finishing, such as raking the joints, was easily performed at 
any temperature at. which the paver could handle the material. Aggregate 
in the hotter mixtures did not appear to be coated as heavily with asphalt 
as did the aggregate in cooler mixes. In those mixtures containing asphalt 
and mixed or placed at temperatures higher than 275°F, all aggregate particles 
smaller than the No. 4 screen size appeared to be saturated with asphalt. 
At least there 1'fas evidence of penetration throughout the particles. Since 
the same degree of penetration was not noticed at lower temperatures, it was 
evident that the degree of absorption varied with the temperature of the 
mixes~ 
Excessive rolling temperatures in the vicinity of J00°F or higher 
almost invariably resulted in creeping and hair-cracking, and that deve-
loped usually after only two passes of the roller. The maximum temperature 
at which the pavement could be rolled satisfactorily varied somewhat with 
the composition and stability of the mix, and a range of 220°F to 240°F 
was considered optimum for any mixes containing asphalt, and 160°F to 200°F 
range was optimum for mixes with RT-10. 
Aggregate gradation affected the rolling characteristics of the mixes 
particularly at the extremities of coarse or fine gradings. This was largely 
dependent upon the crushing of particles that resulted when the aggregate 
was coarse, but did not occ1lr to any extent when it was fine. Most of the 
crushing was caused qy the rolls of the paver, either directly or indirectly. 
Not only was the material crushed as the rolls passed over the freshly laid 
mix, but in many cases a great deal of rra terial was picked up by the rolls 
and then dropped on the relatively hard surfaces of the roll tracks. Subs-
quent passes of the tandem roller caused more crushing of this displaced 
material than would have occurred otherwise. 
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When the mix did not contain any aggregate larger than the 3/8-inch 
size (grading F), there was only a slight tendency toward "pick-up", and 
that was limited to operations early in the day. As soon as the rolls on 
the paver and the roller surfaces became hot, there was no pick-up and no 
crushing in evidence. Even with the coarser surfaces, crushing was not very 
extensive or detrimental; although in some cases, they were ultimately pock~ 
marked after the crushed material had become dislodged through exposure to 
traffic and weather. The most serious crushing was confined to the binder 
course mixes, and it is doubtful that they suffered appreciably since they 
were ultimately covered. 
Aside from the dense graded surface mix containing 3/8-inch maximum 
aggregate (grading F)·' there was a tendency on the part of the finer-graded 
mixes both surface and binder to check-crack and creep under the roller. 
This limited the amount of rolling that was of practical benefit. 
All mixes running to sizes larger than l/2-inch maximum size were 
rather difficult to hand-finish. This was especially true at the center 
joints. Since all binder mixtures contained material coarser than this, 
joints in the binder course were usually coarse. in texture. Segregation 
of coarse materials to the edges of the lane, as discussed previously, con-
tributed to this condition. With surface mixtures having 1/2-inch or smaller 
maximum sizes, very little segregation was observed, and the finished center 
joints in those cases were not very prominent. 
Surface mixtures having 3/8-inch maximum size showed no segregation 
at all during hand-finishing, and the finished joints were even less apparent. 
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Variations in bitumen content below the design value seemed to have 
greater effect on paving characteristics than did variations above the 
design figure; however, large variations in either dire.ction produced ob-
vious effects. Very low bitumen contents caused check-cracking under the 
roller which was very similar to mixtures that were rolled at excessively 
high temperatures. High bitumen contents resulted in some shoving under 
the roller unle.ss the mixes were allowed to cool below normal rolling 
temperatures. For open-graded mixes, the ..Jariation in bitumen content 
could be as great as !0.7 percent before any appreciable change was notice-
able, whereas variations of !?•5 percent usually produced noticeable effects 
in the dense-graded mixes. 
Finnness of the base sometimes had noticeable influence also. In 
several places the base was spongy, and naturally the pavement deflected 
under the roller. More often than not the sponginess of the base in these 
weruc spots exceeded the flexibility of the pavement, and proper rolling 
was virtually impossible. Sometimes the cracks that developed closed up 
under traffic, but they are known sources of weakness. No attempt was made 
to remove and replace base materials at any of the weak spots, that not 
being a part of the test program. 
Throughout most of the project tack coats were applied between the 
binder and surface courses, but several miles of untacked pavement consti-
tuted a reliable investigation of the need for tack. This was applied by 
means of a hand spra,_v from the rear of the distributor, and generally it 
consisted of the same bituminous material used in the hot mix. One short 
section was placed with MC-3, but this proved unsatisfactory from several 
standpoints and was soon discontinued. 
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The rate of app:Lication was nomally Dol gallon per square yard, 
sometimes :i,_ncreased for the purpose of comparison. Observations indicated 
that tack was particularly beneficial at points of base sponginess and at 
locations where both the binder and surface course mix was relatively dry. 
In these two cases tack co·ats were essential and in all cases it improved 
the rolling characteristics when applied in the correct amount. Over tack-
ing produced a lubricating effect under the roller, in which case it was 
much worse than no tack at all. 
The TWo-·Aggregate Mixture 
Insofar as the objectives of the project and the regard given to dif-
ferent features of the project. were concerned,, the two-aggregate mixture 
developed in the latter part o£ the 1951 season was no different from any 
of the other paving mixese It, was designed to utilize full crusher produc-
tion and to expedite plant operations after some experience had been, gained 
with the soft stone encountered in the Quicksand quarry. 
Even though it was treated with the same practical viewpoint given 
all other mixtures developed and placed in either season, the two-aggregate 
mixture warrants some separate treatment because of its influence on all 
phases of the job and its probable influence on the future use of sandstone 
for bituminous pavements. 
The term "two-aggregate mixture" as used here applies to bituminous 
mixtures which were made not only with two aggregate sizes introduced at 
the hot-mix plant, but, the aggregates themselves were produced and stocked 
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in just two grading sizes at the crushing plant. Essentially, then, it 
means bituminous mixtures composed entirely of stone having grading E and 
F described under the heading Cl'llsher Products (page 42). Other two-aggre-
gate mixes were made at the hot-mix plant, but these involved the combination 
of material of three or more graded siz,es of stone. Those do not fall within 
this interpretation of the two-aggregate mixture. 
As noted in the tabulation on page 44,, approximately one-half of the 
crusher product, (for 3/4,-inch maximum setting) was coarser than the 3/8-
inch size. When the soft stone at the Quicksand quarry was first worked 
and just two aggregate sizes produced,, it was evident that the distribution 
above and below the 3/8-inch size remained essentially the same. This led 
to considerations of utilizing the material in a two-aggregate bituminous 
mixture. 
Calculations with regard to the size distributions showed that if 
approximately one~third of the production of stone having grading F were 
combined with the material of grading E8 a satisfactory binder course mix-
ture could be developed. The remaining grade F material could be introduced 
into a surface course mixture for investigation. In this way the entire 
crusher product, could be utilized, and a pavement representing the simplest 
and most economical plant operation could be studied. 
Steps leading up to the two-aggregate mixture were started early in 
the 1951 season, when the gradation unit on the plant was modified to give 
separation of hot aggregates on just the No. 4 screen. Binder course ma-
terial produced in this manner was placed from sta. 21+75 in Magoffin 
County to Sta. 706+80 in Breathitt County, and was rysumed from sta. 771 ~ 
82 to Sta. 822+75 in Breathitt County (see layout of project in Appendix 
VI). All this was surfaced with a graded mixture. 
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When the soft stone from Level No. 1 in the Quicksand quarry was 
first encountered, the bottom screen in the gradation unit of the plant 
was removed, and production using the E and F gradings outright was started. 
-
Binder mixes produced in this way were laid between St.a. 706+80 and Sta. 
771+82 in Breathitt County. The two-aggregate mixture was resumed at sta. 
822-1-75. At that time the gradation unit on the plant was removed entirely 
and replaced by a two~aggregate hopper. iHth that arrangement the surface 
mix containing only the stone of F grading was developed and laid over the 
two-aggregate binder placed previously. After the peculiarities of pro-
duction, characteristics in laying, and. the performance under traffic had 
been studied, it was decided that the operation was desirable as an exten-
sive test feature, and it was carried without change (other than bituminous 
materials and proportions of binder course aggregate) to the end of the 
project, The total length of pavement consisting of this combination of 
binder and surface courses was approximately 6 miles. 
It was recognized that the proportions by Which the F stone was allo-
cated to the binder mixture woul.d determine the thickness of the surface 
course. The most satisfactory combination worked out at 225 pounds per 
square yard on the binder and 75 pounds per square yard for the surface. 
This was in contrast wi'oh the more or less standard pavement with 150 
pounds in each course elsewhere throughout the project. It is pertinent 
to note that economical production and complete utilization of the crusher 
product was achieved with all the three general types of stone in the 
Quicksand quarry, hence the practicality of the two-aggregate mixture was 
independent of the hardness of the stone. 
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Views of the two operations on the surface course containing just 
the stone with grading F are shown in Figs. 30 and 31. The characteristic 
fine texture and uniform appearance is well illustrated in these two views. 
MDctures of this type worked exceptionallY well in the paver, and complete 
obliteration of the center joint could be accomplished even though the joint 
was worked cold. At one point in the placement of surface course, the screed 
mechanism on the paver broke down and a delay of several days was threatened. 
Trial runs showed that the material could be placed satisfactorily using the 
equipment as a spreader with the scre\9d acting as a strike-off bar. There 
was no noticeable difference between tbe surface laid in this way and in 
the usual manner. 
When the bitumen content was near optimum this muture mas very stable 
and did not creep under the roller. In cases where the bitumen content was 
very low or the mix was heated to high temperatures there was slight move-
ment under the roller and a tendency for check-cracking to occur. These 
cracks healed soon after. In no case was there any shoving or corrugation. 
Surface miles of this type were designated as S-10 to S-15 ,inclusive, 
and data pertaining to these mixes are listed accordingly in Tables 8 ard 
10 (Appendix IV). Because of atte.mpts to vary binder course gradations 
with different proportions of E and F stone gradings, and qata pertaining 
to binder courses are not so simplY designated in Tables 9 and 11. For 
convenience of location, data pertaining to both surface and binder mixes 
developed from the two-aggregate production are marked with red dots in 
Tables 10 and 11. 
Fig. 30. Rolling surfade mixture containing the 
3/8-inch maximum (grading F) crusher-run aggre-
gate, developed as a part of the two-aggregate 
productioJ;1. 
Fig. 31. Laying surface mixture containing the 3/8-inch 
maximum crusher-run aggregate. .Screed marks are being 
raked out at the edges. Note the surface texture in 
the roll tracks, which is indicative of the finished 
appearance shown less distinctly in Fig. 30 above. 
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Formal Test Sections 
The majority of the entire test pr?ject was, as indicated previously .. 
treated as a pavement without any specific limits on the sections. Variable 
paving mixtures were introduced as opportunities presented themselves or as 
utilization of crusher output required. However, there were three particular 
variables that were more or less formally established in advance and included 
as specific parts of the road. As such they are given separate mention here, 
although they do not constitute anything special or outstanding in the pro-
ject objectives. 
Accelerated Traffic Section - Throughout the 1950 construction the 
crushing unit and mixing plant were located approximately one mile from 
the :Salyersville end of the project, whereas the quarry was located a short 
distance beyond the end of the project. This necessitated hauling quarry 
material over the one-mile portion of the job. 
At the outset it was decided that these circumstances offered an ac-
celerated traffic test if the paving was started at the Salyersville end 
and carried southward. This was done for a distance of two miles, after 
which the work was shifted to a point about nine miles southward and it 
proceeded back toward the plant for the remainder of th~ 1950 season. 
As a result of this arrangement, the new pavement received 7500 
seven-ton loads of quarry material in the first mile, and as much as 2300 
eleven-ton loads of plant-mix material in the second mile during the first 
few months of service. This, of course, was in addition to normal traffic • 
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I\V the end of the 1950 season it was apparent that the pavement as 
a unit had been weakened considerably, and during the severe winter of 
1950~51, extensive failures developed. From the standpoint of the sand-
stone and the sandstone mixes, there were no evidences of excessive deter-
ioration under the traffic. Pitting of the surface, resulting from the 
displacement of crushed aggregate particles, developed to a limited extent 
but this condition did not spread after the aggregate crushed during con-
struction had become dislodged. In other words, the passing traffic had 
little effect on the nux itself, and even the pitted condition was notice-
able only under fairly close inspection. 
The failures that developed were directly attributable to the in-
adequate base, which for the sake of future performance evaluation is 
recorded here. Subgrade and base support was particularly weak in the 
first 0.6-mile of the road. That portion lay within the flo<;>d plain of 
the Licking River and one of its small tributaries. The grade line was 
low, soils were sandy and silty in texture 9 and the drainage was poor. 
Sponginess of the subgrade 9 in combination with the limited amount 
of traffic~bound base, reSLllted in noticeable deflections of the pavement 
under passing· loads. Most of the distress seemed to occur near the center 
of the road where some material had been removed in the early shaping of 
the section. Also, the lateral distribution of the traffic probably con-
centrated loads near the center, because of the driving habits of the truck 
drivers.. A netw·ork of fine cracks developed in the summer and fall, and 
these led to severe deterioration in spots during the winter that followed. 
No attempt was made to repair this type failure as a part of'·project in 
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19519 but rather it was left to local maintenance along with several other 
·operations such as ditching and shouldering. 
Another type failure developed in a few spots in the outside wheel 
tracks, and this too seemed to be dependent upon sponginess. No tack had 
been applied between binder and surface courses• and the deflections under 
traffic caused shoving in localized areas. These were cut out and replaced 
with new material of the same m:j.x designs, and a t,ack was applied between 
the binder and surface. No further trouble developed at those points even 
though the same loads followed and there had been no strengthening of the 
base. 
In the interim since this early period, other sections of the road 
have received sufficient applications of loads to permit evaluation from 
that standpoint» but in the early stages, the accelerated traffic section 
served a useful purpose. It definitely established the fact that aside 
from slight pitting of the surface resulting from a condition extraneous 
to traffic, sandstone mixes as such (with aggregate equal to the Salyersville 
stone) would not break down severely under concentrated application of fairly 
heavy loads. 
RT~·lO Section - A two-mile section of surface and binder, beginning 
at Sta, 887+50 (Guage Post Office) and extending southward to Sta. 997-+00, 
was paved with RT~lO, The base underlying this section appeared to be 
generally equal to that under other sections, There were a few very weak 
spots of short length which were eliminated from consideration as an in-
fluence on the mixture used. The tar section was laid using a two~aggregate 
binder and a fine graded surface with a 3/8-inch maximum size., grading F. 
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a-t S-ta. 1121+85. The -two-aggregate binder mix was used with a surface con-
sisting of the 3/8-inch maximum crusher-run aggregate, grading F. Traffic-
bound base underlying this sect.ion was approximately equal to that in other 
sections. Drainage was fair and possibly a li-ttle better than average for 
the project. 
For the handling of natural asphalts, the producer recommended some 
means for heating and circulating the material in. the tank car before 
attempting to pump it out. That was the principal difficulty encountered 
. ' 
in handling this material. No particular st'llldy was devoted to the :rroblem, 
bu-t more time was required to heat the material to a consistency at which 
it could be pumped than was customarily required for the petroleum asphalts. 
Data concerning mixtures containing natural asphalt are identified 
by NAC designations in Tables 8 to ll inclusive, in Appendix IV. Design 
bitumen contents were selected in accordance with the gradation modulus 
of the aggregate, and these were corrected for the amount of natural filler 
or mineral matter in the asphalt. On the assmaption of 8 percent filler, 
the design percentages of natural asphalt in the mixtures were set as follows: 
Mix No. Percent Bitumen 
10.3 
8.9 
Percent 
Natural Asr)halt 
11.20 
Extracted biturnen contents shown in the Appendix tabulations are corrected 
only for the loss on extraction; hence, they are directly comparable with 
the listed design bitumen contents. 
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These mixtures received no special handling in the paving operation 
and no difficulty was encountered. 
Pavement Failures 
With the exception of a section of binder course unintentionally 
left exposed during the winter of 1950-51, and the Accelerated Traffic 
Section which was discussed previously • failures in the pavement have 
be'en fewer than expected in view of base and drainage conditions through-
out the project. The majority of all failures could be directly attri-
buted to base weakness, and the·se were considered important in the evalua-
tion of sandstone only When some pavement condition aggravated the failure. 
The most prominent type failure was the development of check and map 
cracking in areas overlying spongy bases (Fig. 32). While this type failure 
was principally a base failure 9 its development was accelerated in some 
areas by bitumen content of the mixture and by insufficient pavement thick-
ness. The former condition, low asphalt content, is difficult to isolate 
as a cause but it produces brittleness and rapid failure under frequent 
and severe deflections. 
In several places it was not feasible to hold the pavement thickness 
constant, because of variations in the exisiing cross section and parti-
cularly the excessive crown common tc most traffic bound roads. These 
variations tended tcward reduced thicknesses at the center and .. greater 
than ordinary thickness at the edges. The majority of failures of this 
type developed near the center. It is significant , that at all of the 
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failures investilbated, the total thickness of binder and surface courses 
did not exceed 2! i~ches. 
A factor contributing to base failure in some sections was the porous 
nature of the pavement near the center of the roadway. This condition pro-
bably resulted in reduced stability and apparently permitted the entry of 
water to the weak base. 
Shoving failures developed in the surface course at three locations, 
one of which was in the accelerated traffic section (Fig. 33). This type 
failure was attributed to the lack of adhesion between surface and binder 
at points where deflections of the base aggravated the weakness. Over 
stable bases this failure never developed" The fact that tack coats applied 
in the replacement of these failures was successful in preventing reoccur-
ranee of the condition, is a strong point in favor of a tack between binder 
and surface courses. 
During the severe winter of 1950-51 all existing failures were greatly 
enlarged. As a result of freezing, porous areas suffered from ice action 
within the pavement. This was particularly prominent along the center joint. 
Extensive pitting of the surface through removal of crushed particles by 
ice action had been expected, but damage from this source was negligible. 
However, formation of ice in existing crack nets resulted in triangular 
sections breaking out along the failure surface surrounded each block, 
(Fig. 34). This tended to round the edges of ""blocked out" pavement and 
completed failure in these sections. 
At the close of the first season of construction, a one~ile section 
beginning approximately 2 miles £rom the Salyersville end of the project 
and extending southward had been paved with 1.50 pounds per square yard of 
Or11ck net which develop-
ed after 4 months in a section 
underlain by a "spongy" base. 
Fig. 34. Triangular sections broken 
out by ice action within a crack 
net. The double lines outline 
wedges between the broken sections 
which are easily loosened by traffic. 
Fig. 33. Shoving caused by fail-
ure of the surface to tack to 
the binder course at a point 
where the base was "spongy." 
Fig. 35. Typical condition of the 
binder course which was exposed 
through the winter of.l950-51. 
Crack nets were well ·developed, 
and raveling and pitting resulted 
from ice action within the pave-
ment. 
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very coarse-textured binder mixture containing 10 percent to 14 percent 
voids. The early winter prevented closure of the gap with a surface course. 
Although this situation arose quite unintentionally, the performance of 
the section and the failures that developed under traffic and winter weather 
conditions demonstrated some rather fundamental principles in pavement dura-
bility that might otherwise have been obscured qy an impervious surface 
course., 
The failures recorded for surfaced sections apply in general to this 
section but were greatly exaggerated. Highly inadequate pavement thickness 
combined with a very porous pavement was conducive to the ear~ development 
of failures over areas of weak base. When underlain 'oy stable base, this 
mixture showed ~ appreciable damage prior to freezing weather. Freezing 
caused rapid and complete deterioration in areas where base failures were 
already developing and produced serious damage in places where the pavement 
had been sound. Since the porous nature of the mixture permitted the entry 
of water into the pavement, internal ice action was severe. 
"Pop-outs" characterized the surface a:nd promoted severe raveling 
under traffic. Ice further fractured the internal structure in many loca-
tions, and encouraged the development of extensive crack nets and subsequent 
base failure. Fig. 35 shows the typical condition of this section. Restora-
tion at the beginning of the 1951 season consisted of reinforcement with 
additional binder in the areas where complete failure had occurred, and 
surfacing with 200 pounds per square yard of surface mix throughout the 
section. 
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The failures discussed here pertain only to the pavement placed in 
1950. Pavement placed in l95l has, with the exception of the· RT-10 section 
previously discussed, developed no failures which cannot be attributed en-
tirely to base weakness. 
Cores and Coring Operations 
Cored specimens have been obtained from locations representing 15 
binder mixtures and 13 surface mixtures, and additional cores will be cut 
from all mixtures at intervals to correspond with the testing intervals 
for weathering samples* prepared at the time of raving. It is hoped that 
real design values which apply to all mixtures may be determined in this 
manner. Also, data for comparison between compaction on the road and 
laboratory compaction may furnish a criterion for improving laboratory 
methods. Such improvement would result in more exact methods of labora-
tory design. 
Table l2·(Appendix IV) contains test data pertaining to all cored 
specimens taken to date. Data for corresponding specimens prepared in the 
field laboratory are included for comparison. TWo methods of laboratory 
compaction were used. All but ten sets of samples were compacted by the 
method described in Appendix II, while the ten exceptions were compacted 
by the Corps of Engineers method which involves considerably greater com-
pactive effort delivered entirely by impact blows. 
* A group of compacted specimens representing various types of mixes laid 
in l95l. These specimens were placed in storage boxes on the roof of the 
Research Laboratory for natural exposure exclusive of traffic, and sets 
will be taken off at selected intervals over a period of approximately 
five years for tests and comparison with cores taken concurrently from 
the pavement. 
Fig. 36. Trailer-mounted core drill used to obtain 
specimens of the finished pavement sections. 
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Five of the ten set,s were represented by corresponding cores, and 
information concerning both the compacted specimens and the cores is listed 
opposite mixes No. S-10 and S-ll in Table 12. Data concerning all the ten 
sets of specimens compacted by the Corps of Engineers method are included 
in Table 10 9 where the listings beginning with Sample No; 268 under S-10 
and extending throughout S-11 pertain to this type compaction. 
At this state, no particular significance is attached to any of the 
relationships that are ostensibly presented in Table 12,, mainly because of 
the limitations in the data on some phases. Several incontrolled variables, 
such as the factors previously discussed with relation to the field labora-
tory compaction, entered into the data (see page 57). Also, the cores of 
necessity represented composite samples of the binder and surface courses. 
Rarely did the thickness of either course extend up to 2! inches - the 
thickness prescribed for Marshall Stability test specimens. 
Conditions in the field, with respect to time and personnel avail-
able, did not permit the coring of duplicate sets of samples. Had this 
been possible, one set could have been used to determine stability and 
flow values for the combined pavement section, and samples in the second 
set could have been separated into surface and binder portions to establish 
unit weights, void relationships, and the extent to which voids were filled 
with bitumen. Undoubtedly, this will be possible in future coring operations. 
The principal value of cores taken thus far lies in the fact that they 
form a basis upon which future cores taken from the same locations can be 
evaluated. In some cases, asphalts have been recovered from the cored speci-
mens and analyzed, Similar recoveries and analyses of the material sampled 
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in the future offer a means of estimating pavement deterioration. Other-
wise, this could be judged only on the basis of visual observations of 
pavement conditions. 
Summary of Field Studies 
Advance reconnaissance of subgrade and base conditions on the pro-
posed test road indicated that with approximately 3 inches of bituminous 
pavement the average total mat thickness would be generally inadequate 
for Class II traffic. During the interim between the 1950 and 1951 seasons 
some stone was added to the existing traffic-bound base, and efforts were 
made to shape and distribute materials to the maximum advantage throughout 
the two-year construction period• 
Quarries at both the Salyersville and Quicksand ends of the test 
road were operated (one each season), and approximately 10 miles of bitu-
minous pavement was laid with sandstone aggregate from each source. Stone 
from the Salyersville quarry was generally of more uniform hardness than 
that from the Quicksand quarry. Three general grades of stone were encoun-
tered in the latter, the hardest of which was about equal to the stone 
from Salyersville. All three grades were used successfully in the bituminous 
mix.eso 
The rate at which stone was produced depended a great deal in the skill 
in shooting and handling the material at the quarry. This was carried out 
much more satisfactorily at Quicksand than at Salyersville. Improvement 
'with respect to shovels and other quarry equipment also influenced the 
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greater efficiency of quarry operations at Quicksand. 
While the crushing and grading plant maintained satisfactory produc-
tion in general, there were some shortcomings which could have been improved 
had the primary crusher been a "long-jaw" crusher, and particularly had the 
screen areas been larger. Because of the limited screen area, and also 
because of the relatively high moisture contents of the stone in many in-
stances, the amount of "carry-over" from screen to screen was large. This 
in turn produced unusually large quantities of undersize in the different 
gradings. 
Crushing characteristics of the sandstone were such that it was not 
feasible to grade stone in accordance with Department's Standard Sizes. 
As a consequence, four specially designated stone gradings (see page 42) 
were produced at Salyersville 9 and these along with two additional gradings 
were produced at Quicksand. 
The most significant development in aggregate production was the com-
bination 11E11 and "F" gradings whereby the 3/4-inch maximum crusher-run 
material was divided at the 3/8-inch screen only, This was produced readily 
with all' the three hardness grades of stone., and the crusher product was 
in effect equally divided between the two gradings. The 5o-5o distribution 
at the 3/8-inch screen held true whether the plant was operated for two or 
four aggregate gradings. 
Dust from aggregate production was exceptionally abrasive, but its 
effect was more serious on the hot-mix plf\nt than on the aggregate plant 
because of the specific provisions against this in the bearings of the 
aggregate plant. Dust from the stack in the hot-mix plant contributed 
Asphalt Cements eoqooooo•o•oo•••••••••••••o•o••• 
RC-4, RC-5, MC-3, MC-4, MC-5, SC-3, 
SC-4, SG-5, RT-10, RT-11, RT-12 
RT-7, RT-8, RT-9 •oooooooo••••~•ooocooo•o•••••• 
RG-.3, MG-2, SG-2 ........ .,., ••••••• 0 .................... . 
RG-2 o c o o o o o ., ~ o o o o o o o " o o o o,e " e o e " e ., o o o • o o " • o • o o o o o 
RT-.3, RT-4, RT-5, RT-6 0000000G000.0"1tCieOOOOO······· 
RS...l, RS-2, Ms-1, MS-2, MS-,3 eo•o•<>••••'l•••••••• """ 
Test 
Temperature 
oF. 
300 ± 3 
250 ± 
.3 
225 ± .3 
200 ± 
.3 
175 ± .3 
150 ± .3 
Room Temp. 
4. The aggregate and basket are totally submerged in the bitumen for one 
hour at the prescribed temperature. 
5. Upon completion of immersion period the basket of aggregate is suspended 
in an air bath at a temperature of 220°F. or at the immersion temperature, 
whichever is lower, until the excess bitumen has drained off. 
6. The coated aggregate is then removed from the basket and allowed to cool 
to room temperature. 
7. The coated aggregate when cool is accurately weighed in air and water. 
The wire basket for weighing in water must be free of bitumen and 
accurately tared. 
$. Data collected and calculations made from test data are as follows: 
(1) Weight of Sample - Oven Dry 
(2) 
" 
!I 
" 
- Sat. Sur. Dry 
(.3) II II n - in Water 
(4) Weight of Sample + Bit. in Water 
(5) n II " + Bit. in Air 
(6) Weight of Absorbed Water (2)-(1) 
(7) Bulk Volume of Sample (2)-(3) 
(8) Weight of Bitumen (5)-(1) 
(9) Weight of Bitumi.nous Material on Sur. (5)-(4)-(7) 
(10) Weight of Bituminous Material Absorbed (8)-(9) 
(11) Percent Bitumen Absorbed (10)/(1) 
(12) Percent Water Absorbed (6)/(1) 
APPENDIX II 
PROCEDURE FOR MARSHALL STABILITY TEST 
1. The aggregate contemplated for test is first separated according to the 
desired screen sizes and stored separately. These separate fractions 
are then proportioned by weight to produce the desired gradation. 
2. The proper quantities of asphalt cement and proportioned aggregate required· 
to produce an asphalt-aggregate mixture weighing at least 2750 grams is 
calculated • 
Note: A 2750 gram batch of material is sufficient to 
form two compacted test specimens. 
3. The proportioned aggregates are thoroughly mixed and heated to 300oF. ± lOo 
immediately prior to introducing asphalt cement. If necessary, reheat the 
aggregates prior to adding the asphalt. The asphalt is heated to 290oF. ± 
10° and the correct amount is then weighed into the aggregate. 
Note: The asphalt is not to be heated for an accumulated 
period of more than one hour at or in excess of 
the specified temperature range. 
4. Immediately after introducing asphalt cement; mixing is accomplished by an 
alternate stirring and smearing action with a large spoon ar trowel and for 
a period not exceeding two minutes. Rapid mixing is required to prevent 
the mix from cooling to the minimum temperature required for compaction of 
the specimen. No subsequent heating during or after mixing with asphalt 
cement is permissible. Any mixture falling below the minimum temperature 
required for proper compaction is to be discarded and a fresh mix prepared, 
5. The compaction mold, hammer, and compression head are cleaned, assembled, 
and heated to a temperature between 200-250oF. prior to use. The proper 
quantity of mixture to produce a specimen 2t ± 1/8 inches is weighed di-
rectly into the compaction mold assembly immediately after mixing. The 
temperature of the mixture should not be less than 225°F. nor more than 
230oF. when placed in the mold. Compaction should proceed immediately 
after the mixtm·e is placed into the mold. Compaction is accomplished by 
two series of blows. Fifteen blows with the compaction hammer are applied 
to the mixture While the upper ring is in position ave~ the compaction 
mold. The specimen is then trimmed as necessary to obtain proper height. 
Ten additional blows are applied after the upper ring is removed. Partial 
leveling may be accomplished by proper selection of points over the sur-
face of the specimen by the operator during the final five blows. Any 
fringes of mixture around the edges of the mold are removed, and the sur-
face of the specimen smoothed by means of a spatula or trowel. After 
tamping am smoothing, the head of a compression mschine ·is centered over 
the specimen and a 7000 pound load applied and held for a period of two 
minutes. 
6. The load is then released and the mold permitted to cool. This cooling 
msy be accomplished by immersing in a cool water bath or in air. The 
specimen is then carefully. removed from the mold after cooling, and per-
mitted to cure in air at room temperature for at least 24 hours. 
7. After curing, the sample is carefully weighed and then measured to deter-
mine volume. The specimen should rest on a flat end at all times prior 
to testing. 
8. Prior to testing the specimen is placed in a water bath, maintained at 
lL,.OoF, ± loF., for one hour. 
9. The testing for stability and f1mi is performed immediately upon removal 
of the specimen from the water. Total elapsed time from removal of the 
specimen to completion of the test should not be more than 30 seconds. 
The specimen is centered in the 101,rer arch of the testing mold anl the 
upper arch fitted in testing position on the guide rods. This assembly 
is placed on the testing machine and centered under the upper head. The 
flow meter is placed in position over the guide-rod of the test mold. 
Sufficient downward hand pressure on the outer sleeve of the flow meter 
is exerted t~ maintain it against the upper arch of the test mold during 
testing. An initial reading is made on the flow meter. The rate of 
travel of the head during testing is two inches per minute. Loading con-
tinues until the load dial needle starts to recede touard zero. Pressure 
on the outer sleeve of the flow meter is released the moment the hand on 
the load measuring dial recedes from the maximum reading. At this point 
the flow meter is removed and read. Differences between initial and final 
readings is the flow of the specimen tested. The maximum load in pounls 
is the Marshall Stability number of the specimen, 
10. In addition to Marshall Stability Number and Flow, the values to be deter-
mined from this test are as follows: 
(a) BuD<: Specific Gravity {Gm) 
(b) MaxJmum Theoretical Specific Gravity (Gt) 
(c) Unit Weight-Total Mix (Ut) 
(d) Unit Weight-Agg. Only (Ua) 
(e) % Solids-Total Mix (St) 
(f) % by Vol. of Asphalt Cements (Sb) 
(g) % Solids~Agg. Only (Sa) 
(h) % Voids-Agg. Only (Va) 
(i) % Voids-Filled W/Asphalt (vf) 
(j) % Voids~Total Mix (Vt) 
Formula for 
Gm 
"' 
Wt, vb = B111k Volume of Specimen 
vb 
Wt Total Wt. of Specimen 
"' Gt 
= 
100 
~l+Wz+Wb wl ::: Percent Wt. of Coarse Agg. 
Gl Gz G1J Wz 
"' 
n ~ II Fine Agg. 
Ut = 62.4. Gm 
Wb 
"' 
n n 
" 
Bit1ll!l3n 
Ua = Ut; 1oo-wb 100 Gl = Spec. Grav. of Coarse Agg. 
St 
"" 
100 GM Gz = II II II Fine Agg. 
Gt 
Gb = II II n Bitumen Sb ::: GM x Wb 
Gb 
Sa = St- sb 
Va ::: 100 - Sa 
Vf 
"' 
sb (loo) · 
Va 
Vt 
"' 
100 - St 
The following page is a sample of the plotted data used in selection 
of optimum content. 
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50 LEXINGTON, KENTUCKY 
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0 MARSHALL STABILITY TEST 40 ::::: MIK No 16 I Do to 
J 30 / Project SANDSTO~E 0 v Sandstone 
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20 Bitumen P.A.C. 5 
Test D a to 
.. 
10 Optimum %Bitumen 7. 7 Unit WI. 141.3 
Stabll i ty No 12~0 Flow 23 
0 %Voids 4.6 Compacled Mix 4 5 6 7 8 9 10 
o;., Bitumen %Voids Filled WI Bitumen 72 
Chart B-2 February 1952 
APPENDIX III 
TABLE 6 
Survey of Road Width and Depth of Traffic Bound Course 
(Beginning at Magoffin-Breathitt Co. Line and Extending North) 
Approx. Ditch to Ditch Depth of Traffic Bound Base 
l&§tance Remarks Width Inches 
Miles Feet Ft. to Lt. Ft. toRt. 
2 .§ .§ 2. 
County L:i.ne 
0 .. g , 0 0 Sta. 0+00 f!. 0 ...... 8 0 20 c ..... 8 • 0 5 4 .3t 0 
0.15 22 0 lt 3 zt 0 
0,25 22 0 # zt zt 0 
0.35 20 0 4 # .3t 0 
Hairpin Turn 
0,40 (I ~ 0 I) Sta. 21+00 ....... 28 .o ....... 0 # 5 2t 0 
0.45 20 0 2 0 2 0 
0.55 .... Sta, 29+00 
.. '0 0 0 " 0 " 20 .. " 0 ..... 0 3 2 t 0 
0.75 28 1 
.3t 3 3t 0 
0.95 28 1 3 lt 1 2 
1,15 26 0 lt 2 2 t 
1.35 24 0 2 1 lt 0 
1.55 26 0 zt 4 t 0 
1.75 eooo Sta., 90+00 oeoeoo 28 .. 0 ., " ..... 2 zt 2 zt 1 
1.95 24 3 3 .3t 0 
2.05 24 0 0 3 1 0 
2.2:5 (I 0 .... Sta, 122+00 0 0 0 0 (I 24 .. .... 900 0 3 zt :It 0 
2.45 0 c 0 • Sta, 131+00 0 0 ... " 30 ooooeoo 0 1 3 :It 3 
2.65 24 0 4 4 3 0 
TABLE 6 (Con•t.) 
Approx. Shoulder to DeEth of Traffic Bound Bel!§. 
Distance Remarks Shoulder Width Inches 
Miles Feet Ft. to Lt. Ft. to Rt. 
2. 2 Q 2. 
16.0 Sta. 1392+00 26 0 0 t 0 0 
16.2 Sta, 1402+00 26 0 0 0 0 0 
16.4 Sta, 1412+00 26 0 0 0 0 0 
16.6 Sta, 1423+00 25 0 0 0 0 0 
16.8 
" 0 ... Sta o 1434+00 ....... 26 .. .. " " " .. 0 (I 0 0 1 0 0 
17.0 Sta, 1446700 26 1 2 2 1 0 
17.2 Sta. 1456+00 26 0 0 0 0 0 
17.1, Sta. 1467+00 25 0 0 1 1 1 
17.6 Sta. 1478+00 26 0 0 0 1 1 
17.8 . ,. " .. Sta. 14fl8+00 .. 0" 0 28 ......... 0 0 2 2 2 1 
1.8.0 Sta. 1499+00 26 0 0 0 1 0 
18.2 Sta, 1510+()0 27 0 2 1 0 0 
18.4 Sta, 1520·t00 26 0 0 0 t 0 
18.6 Sta. 1532i<'JO 26 0 0 0 0 0 
18.8 
.. " • 0 Sta. 1542-i-00 .... " 27 ... " <' " " •• 1 2 0 0 0 
19.0 Sta. 1553+00 26 1 1 1 1 0 
19.2 • .. • 0 Stao 1563+00 0 0 ... 28 
... " .... " " .... 4 6 2 1 0 
19.4 Sta. 1575+00 26 0 0 1 1 0 
19.6 Sta, 1585+00 27 1 2 0 1 0 
19.8 Sta. 1599+00 27 0 1 0 1 1 
20.0 Sta. 1.607+00 29 4 3 0 1 0 
20.2 .. " ... Sta. 1620+00 • ~ 0 • 26 " 0 " .. " ..... 0 1 0 1 0 
TABLE 6 (Con•t,) 
Approx. Shoulder to De2th of Traffic Bound Base 
Distance Remarks Shoulder Hidth Inches 
Miles Feet Ft. to Lt. Ft. to Rt. 
2. £ £ 2. 
20.4 Sta. 1631+00 2$ 2 3 2 2 0 
20.6 St.a. 1642+00 29 0 0 ~ 3 2 
20.8 Sta., 1653+00 26 0 1 1 1 1 
21.0 I> 0 .. ('I St.a, 1663+00 
" " .. 0 26 0 ., 0 .. 0 0 .. 0 0 0 0 0 
21.2 26 0 0 0 0 1 
21.4 27 0 0 0 .!. .!. 2 2 
21.6 27 0 
-It 1 1 t 
21.$ 26 0 4 ~ 1 ~ 
22.0 00000!>0COOOOO<><><>OD00 29 0 0 0 0 " ft <> 0 0 0 0 1 
22.2 2$ 0 0 t 1 2 
22.4 30 0 1 0 0 t 
22.6 26 0 0 3 3 .3 
22.$ 2$ 0 0 1 2t 0 
23.0 <>o<>~<>ooooooo•<>oo<>oo• 27 o " o e o e " o 0 0 1 1 2 
23.2 2$ 0 0 0 0 0 
2.3.4 27 0 0 0 1 0 
23.6 26 1 1 zt 1 .!. 2 
APPENDIX: IV 
Tables of Test Data 
Table 7 - Summary of Crusher Products 
Designation %Passin Average and 
' 
Percent 
Identification 1" 3/4" 1/211 3/811 No.4 No.8 No,l6 No.30 No,50 No,lOO No.200 Undersize 
Stone A Av. 100,0 90,0 44.0 9.0 3.0 2.0 2.0 1.5 1.5 0.8 0.5 44.0 
Produced 1950 
Source-Salyersville 88.0 35.0 4.0 1.0 0.5 0.5 0.4 0.4 0.3 0.3 35.0 
Size-111 to t" Range to to to to to to to to to to to 
94.0 47.0 11,0 6.0 5.5 5.0 5.5 4.0 z.o 1,0 47.0 
Stone A Av. 100.0 48.0 13.0 6,0 5.0 4·5 4.0 3.0 1.2 0.4 48.0 
Produced 1951 
Source-Quicksand 
Size-3/4" to tn 
and 3/ 4" to 5/8" Range 13.0 4.0 4.0 3.0 2.5 z.o 1.5 0,5 o.o 13.0 
(combined data for to to to to to to to to to to 
the t1w sizes) 69.0 21.0 n.o 10,0 9.0 7.0 5.0 1,0 0.5 69.0 
Stone B Av. 100,0 98.6 74.5 6,0 5.0 4.0 3.0 3.0 2.0 0.7 74.5 
Produced 1950 
Source-Salyersville 98.0 63.0 1.5 1,0 1.0 0.7 0.3 o.o o.o 63.0 
Size-l/2" to 3/8" Range to to to to to to to to to to 
100.0 89.0 10.0 7.0 6,0 5.0 5.0 3.0 1.0 89.0 
Stone B Av. 100,0 66.0 12 • .3 lOoO 8.7 8,2 5.0 1.2 0.3 66.0 
Produced 1951 
Source-Quicksand 50.0 7.0 5.5 5.0 4.0 z.o o.o o.o 50.0 
3ize-1/2" to 3/8" Range to to to to to to to to to 
69.0 29.0 24.0 22.0 19.5 5.0 0.5 0.5 69.0 
Table 7 - Summary of Crusher Products (Con 1t.) 
Designation %Passing Average and Percent 
Identification l" 31411 l/2" 3(1311 No.4 No.8 No.l6 No.30 No.50 No.lOO No.200 Undersize 
Stone B Av, 100,0 133.6 35.0 10.8 9.0 13,5 8,0 6.0 3.0 1.2 35.0 
Produced 1951 
Source-Quicksand 75.0 20,0 3.0 3.0 3.0 2.0 2,0 1.5 0.5 20.0 
Size-5/811 to 3/8" Range to to to to to to to to to to 
93.0 47.0 12.0 ll,O 10,0 9.0 8,0 5.0 3.0 47.0 
Stone C Av. 100,0 6o.o 14.0 10.6 9.6 8.4 5.5 3.0 60.0 
Produced 1950 
Source-Salyersville 57.0 6.0 4.0 3.5 3.0 2.0 1,0 57.0 
Size-3/811 to No. 4 Range to to to to to to to to 
75.0 28,0 23.0 21.0 19.0 10.0 5.0 75.0 
Stone C Av., 100.0 413.6 25.1 20.6 18.0 12.5 4.7 1,13 48.6 
Produced 1951 
Source-Quicksand 33.0 12,0 10.0 9.0 6.0 0.5 o.o 33.0 
Size-3/811 to No.4 Range to to to to to to to to 
(combined results 77.0 59.0 49.0 41.0 26,0 9.0 4.5 77.0 
for screens >Ii th 
square and S-type 
openings) 
Stone D Av. 100.0 86,0 71.0 60.0 47.0 23.0 10.5 
Produced 1950 
Source-Salyersville 84.0 68,0 56.0 43.0 18,0 7.0 
Size-Passing No. 4 Range to to to to to to 
813.0 75.0 65.0 51.0 25.0 11,0 
TabU. B. SUmmary of Surface Parl.ng Mixtures (Cont'd) 
Somplo BitUlllen Gradat.ion 
""'· 
Date Ssm.ph Location Aggregat. PGrcentlige Grad. PMII ng 
••• Placed ... station Lon• source Type Dellign Extracted )lod, 1• 3/4' 1/2• 3/8• 4 6 16 30 50 100 200 
8-10 
""= 
1D.2 723 100.0 100.0 100.0 99.6 64.6 70ol 61.2 S3.2 35,9 12.0 ss 
9-2>->l 260 76 lfewt QU.iclceand PMJ 7 6.2 721 loo.o 100,0 100.0 99.6 82.8 69.2 6o,6 S3.3 ,36.2 12.6 6.3 
9-25->l 264 756,'50 
" 
, 
• 6,? 732 100,0 1oo.o 100,0 100.0 64.6 11·9 63.4 SS.4 )7.6 12.8 5.6 
9-26-Sl 266 74~ .... • • 6.3 706 100,0 100.0 100.0 99o3 62.4 67.1 5?.6 49.6 34.0 11.8 6.0 9-26-Sl 272 75 ;<oo • B.9 720 100.0 100.0 100.0 99.6 8).2 70o5 61.3 53.2 35.3 11.? 5.3 
9-26-Sl 276 82.Jf90 • • • 10.4 737 100,0 100.0 100,0 100.0 66,6 13·1 64.? 56.4 J7ol 12.0 6,0 
9•27->l 280 640!45 Weet • 9.? 723 100,0 100.0 100.0 99o6 64.4 70o1 60,? 52,6 35.? 12.8 .., 
9-27 ... 51 264 63?f25 • 9.2 726 100,0 100.0 100,0 99.6 8Jo7 69.8 61.7 53.6 37.4 lJ.S 6.4 
9-27-Sl 266 680f25 9.4 693 100,0 100,0 100.0 99.6 8z.i 65.3 54.6 46.6 29o7 10.2 4.6 
9-27->l 292 644foo .... • 9.9 744 100,0 100.0 100,0 100.0 87.7 73.6 65.4 57.0 39.5 14.6 5.? 
s-11 Design 10.1 109 100.0 100,0 99.4 96.8 8J.O 69.0 59.9 51.6 JJ.o 10.2 3.9 
9-27-$:1. 296 6$0f35 .... QUick !land. PAC 7 • 10.4 72.3 1oo.o 100.0 9BS 91.1 65.0 73o1 64.4 5>.7 35.3 10.2 3·3 
9-27-Sl 300 6SJf25 • 
' 
• • 9.6 72.3 100.0 100.0 99.5 98.9 65,6 7J.o 64.4 ss.s 34·2 9.1 2.6 
9-28-Sl 304 6?J&Q Weat • 10.8 726 1oo.o 100.0 100.0 99.5 64.1 11·:! 6,3.1 ss.o ,37.0 12.4 5.3 
8-12 ,.,.., 9.9 691 100,0 100.0 100,0 99.6 82.0 64.4 SJ,6 45.3 31.0 10.9 3.9 
1.0-15-Sl 316 93lf00 ~oltsand RT 10 • 7oJ 6?5 100.0 100.0 100.0 99.5 79.8 61.1 $0.2 41.3 28.4 10,1 4.9 
10-15-Sl 320 • • ?.9 670 100o0 100.0 100.0 99.6 79oB 59.8 46.6 40.? 21 .a 9.4 3.8 
1D-15->l 324 • • 6,1 ?02 100.0 100.0 100.0 99.6 64,0 67.0 56.1 46.9 32.4 11,0 5,1 
10-15-Sl 328 • • 9.9 693 100,0 100.0 100.0 99oJ 80,6 67.5 52.5 W..9 J2.) 13.4 6.9 
lo-15-Sl 332 6!1iJ5 • • 6.) 70~ 100,0 100.0 100.0 100,0 6J,4 68.2 57.6 46,6 Jlo5 9.6 ).9 
8-lJ 
""'"" 
9·6 665 100,0 100,0 100,0 99.2 8,3.1 66.6 SS.6 43.9 25.7 j,9 ),2 
lo.-16-Sl J46 QUiokBmul RT 10 • 10.7 666 100.0 100.0 100,0 99.7 8,3.6 69.,3 se.1 44.6 24·3 6,J 2.4 
10-16-Sl 352 • • 6.3 662 100,0 100 0 0 100.0 98.7 82.5 64., SJ,1 42.9 27 ol 9S 3.9 
s-14 ~~ 10.3 734 100.0 100.0 100.0 100.0 65.1 69oJ 6o,O 52.? 41.1 16.4 9.1 11-9-Sl )66 Vest QUick .. nd 
""' 6 • 9.3 733 100.0 100.0 100.0 100,0 64.4 66.0 56,6 52.1 41.2 18.0 10.3 11-9->l 372 110~ • 6.9 741 100.0 100.0 100,0 100,0 87.6 11·1 62.3 54.1 42.4 14.9 1,6 
s-15 De.uign 9.1 664 100.0 100,0 100.0 96 .. 8 77.5 59.8 49.4 40.9 26.5 9.3 4.2 
9-26->l JOB Quicksand RT 10 • 8,9 661 100.0 100.0 100~0 99,1 77·3 ''·1 47.7 40.0 25.4 6.9 4.2 
lD-1$-51 312 936f00 • .. 9.0 673 100,0 1oo.o J,OO_._o 100.0 80.7 63.6 52.9 42.5 25.0 6.1 2.1 
lD-15-Sl 336 • • 6.5 665 100,0 100.0 100.0 99.4 77o9 59.o 46,6 41.0 26.8 6.7 3.5 
1.0-15-Sl J40 866f40 We.st • • 6.1 656 loo.o 100,0 100,0 94.2 ?5.4 58.) 46.7 40.5 26.4 9.6 4.7 
lD-lS->l 344 664f>O • • 
'·' 
670 100,0 100,0 100,0 96.9 79.1 62.0 50.6 41.4 26.) 9.4 4.4 
10-16-Sl 356 • • 9.0 663 100,0 100,0 100,0 89.1 ?4.6 61.7 52.6 4J, 7 27o8 9. 7 4.3 
lD-16-Sl )60 • • 9.9 652 100,0 100.0 loo,O 95.4 75.3 56., 48.0 39.4 24.7 6.2 3.3 
No, 
B-3 
B-5 
B-7 
Date S6lTlp1e 
Pla~ed No, 
7-6-50 2 
7-7-50 3 
7-10-50 6 
7-14-50 10 
7-J.4-50 11 
7-19-50 16 
7-19-50 17 
7-10-51 306 
7-12-51 310 
9-18-51 3A2 
10+51 414 
7-19-50 
7-20-50 
7-20-50 
7-20-50 
7-21-50 
8-14-50 
8-14-50 
$.-14-50 
8-15-50 
8-15-50 
8-15-50 
8-17-50 
10-4-51 
8-17-59 
' 8-17-50 
8-18-50 
8 18-59 
8-21-50 
8-21-50 
10-10-51 
15 
l1l 
19 
21 
22 
24 
25 
26 
27 
2S 
29 
30 
410 
31 
" 33 
35 
36 
37 
w, 
Table 9, S\l,lllll8ry' of Binder Paving Mixture a 
Sample 
I.o~at:ton Aggregate 
Station Lane Source 
Design 
567/!JO 
562,loo 
5n;too 
519,loo 
5'!64JO 
Design 
50~50 
499/-50 
634/{.0 
622~37 
948f.1o 
Design 
5071-_50 
4JJ3,Ioo 
479f50 
47'/1;50 
47~50 
Design 
44Sf50 
458f!50 
462f50 
So,l50 
946,.!30 
Design 
68,t5o 
56,loO 
53 ,lao 
63,loo 
Design 
7s,loO 
S2foo 
East Salyersville 
west 
East 
Weet Salyersville 
" East Quickeand 
West " 
West 
West 
East 
Weet 
" 
Salyersville 
" 
East Sll.lye~sville 
West Salyersville 
" " 
E~t 
West Quieksand 
East Sul.yersvil1e 
" Nest 
Weet Salyersville 
West 
Quicksand 
Bitumen 
Percent'€' Grad, 
Type Design Extracted Mod, 1" 
PAC-S 
PAC-S 
PAC-7 
" PAC-? 
RT-10 
PAC-S 
PAC-S 
PAC-S 
RT-10 
PAC-S 
PAC-S 
RT-10 
S,3 
S.5 
" 
s.o 
S,2 
" 
S.1 
S,2 
" 
S.l 
S,6 
7,6 
.., 
10,2 
6 J 
6.3 
7.4 
9.1 
9.1 
9.1 
9.7 
6,7 
6.3 
6,S 
~:a 
7,2 
7,1 
7 6 
7.7 
7.6 
6,6 
7.6 
9.7 
9.4 
7,3 
7.S 
7.5 
7.1 
s.o 
9.7 
502 100,0 
4£16 100,0 
478 100.0 
511 100.0 
521 190.0 
521 100,0 
523 100,0 
519 100,0 
5.13 100,0 
526 100,0 
540 100.0 
532 100,0 
473 100,0 
471 100,0 
4S4 100,0 
494 100,0 
±6ll ±&1:8 
496 
496 
505 
487 
4S3 
493 
491 
443 
491 
4J)6 
491 
50S 
465 
504 
500 
100,0 
100,0 
100,0 
]00 9 
100,0 
100,0 
100,0 
190,0 
100.0 
100.0 
100,0 
100,0 
100.0 
100,0 
100.0 
482 100,0 
476 100,9 
489 100.0 
488 100,0 
95.5 
92.1 
91.0 
92.1 ]00.0 
'!1,2 
98.4 
95.9 
100,0 
100,0 
100,0 
100.0 
94.0 
96,8 
92.5 
96.0 
~~=~ 
96.3 
'!7.3 
96.4 
95.J 
96,1 
100,0 
98,2 
98,0 
96.2 
97.1 
94.5 
93.3 
90.7 
94",1 
100,0 
93,2 
90,0 
96.3 
100,0 
l/2" 
74.8 
75.7 
71,S 
67.9 
BJ J 
79.1 
79,S 
7B,4 
e5.6 
81.9 
S2,1 
?8,0 
70.3 
73.7 
6S.9 
73,8 
bll:g 
75.6 
74.7 
76,0 
762 
74.6 
72.3 
S2.4 
73,6 
74,2 
80,0 
73.0 
75.6 
71.7 
76.6 
6S.o 
73.5 
72,6 
74.4 
78,0 
% Passing 
3/B" 4 a 16 30 so 100 
60.4 
60,S 
56.3 
44.4 
47.7 
43.9 
36,6 30,0 25.6 20,8 
]2.7 '26.4 22,1 18.7 
32.826.4 22,7 18,7 
10.5 
7,6 
9.4 
58.8 45.5 40.4 34.7 30.5 24,8 11.3 
62 o M z w J. 12 1 27.2 21.1 7.a 
5?.8 47.1 4Q,2. 33.6 29.1 23.6 10,2 
59.1 47.4 39.6 33.0 28.5 23.3 10,2 
56.5 46 .. S 40.? 34,2 29,6 23,8 10,2 
64..0 /;h.4 37.2 .'33.5 30.4 23,2 8,4 
61.? 42.9 38.0 34.4 31.3 24.2 8,0 
67.7 49.4 40.2 35.4 32,1 21.9 7.6 
64.4 49.8 39.8 35.0 :n.o 21.9 7.8 
46.9 38.1 
47.4 39.9 
45.3 41.2 
51.8 38.2 
iH ~:~ 
62,0 
62,6 
63,2 
6QJ 
53.6 
60,0 
53.7 
4J),2 
50,6 
60,8 
54.8 
56.9 
49.0 
56,0 
57.4 
44.0 
43.5 
47.4 
41.0 
49.8 
41.S 
40,8 
.31.8 
40,6 
40.1 
38.9 
42.9 
.3:4.8 
42.4 
45.5 
33.1 29,2 
31.8 26.6 
3?.4 34.5 
32.9 28,5 
"·• a•;6 32.0 29,1 
33.1 27,1 
32.3 26,9 
34.9 27,9 
32..1 26.4 
31.8 25,8 
32,6 27.3 
31.1 26,6 
25.7 21,5 
33.5 29.2 
30.5 26.6 
34.2 29,5 
36 • .3 31.8 
30,0 26,9 
35.3 30.7 
35,1 30,:1_ 
26.1 
23,2 
30.9 
25,6 
22,8 
25,2 
23.5 
23.1 
24.1 
;n.J 
23.6 
23.9 
23,9 
lll. 7 
26,4 
23.7 
26,7 
28,4 
24.4 
27,5 
26,4 
20,5 
19 • .3 
19.3 
22,1 
19,3 
21.3 
19,8 
19.7 
20,2 
19 5 
20,9 
20,3 
24.4 
15.4 
22,9 
16,9 
22,6 
24,2 
21,0 
23.3 
21.9 
10.4 
9.7 
10,1 
20,6 
10,4 
10,8 
10.3 
lO,S 
10,8 
9,1, 
10,9 
10.4 
19,0 
7,1 
12,2 
4.5 
ll,6 
12.5 
ll.2 
12,0 
10.5 
59.4 39.1 31.5 26,7 23.7 20,0 10,3 
58.7 38.8 31.7 26.6 23.4 19.5 ~.9 
6o,6 39.3 31.4 26,9 24.1 20,5 10,6 
55~7 39.3 31.4 27,9 24.6 17,9 8.5 
200 
3.S 
2,S 
4.7 
4.9 
2 7 
·3.4 
3.S 
2,9 
4.0 
3.3 
3.5 
4.0 
4.4 
4.3 
3.S 
2.S 
5.2 
3.7 
5.4 
5.9 
5.3 
5.S 
4.5 
7-lQ-50 
8-21-50 
Design 9,1 590 100,0 96,5 82,8 72,1 59,2 47.3 40,4 36,3 31,0 16,2 7,7 
7 -562,4JO West Salyersville PAC-8 " 9.6 622 100,0 97,8 86,5 74,9 69,4 56.6 45.6 .39.2 32.0 14,4 5.8 
38 98,.!50 II 10,0 599 100,9 96,5 82,8 72,1 59,2 47,3 40,4 36,3 31,1 16,2 7,7 
330 ?09,1:;.5 QuioksaOOtt PAC-7 10,1 595 100,0 96.8 81.5 72.3 58.4 52.1 4B,4 43.6 21,3 14.4 6.5 
350 753/-40 East tt 10,3 584 100.0 98,6 82,8 70,1 55.4 50,0 46.6 41.4 25,9 9.3 3.7 
____________ _,62~--"'5~tZ75,_~W~o~oit ____ ~_c•~--~----~----~10~.25 ____ ~58~5~1~00£JOL_~9~5~5,_~B~J~lL_~7Q2~ll_~54~.QO_j4&o~.9L>43L,~7_j4&0~.ll_2~9~4_Jl~l~1~~5~6~ 
B-9 
ll-10 
B-ll 
B-12 
8-23-50 
8-2.3-50 
8-J.S-50 
8-24-50 
8-25-59 
8-25-50 
8-28-50 
8-.28-50 
8-28-50 
8-.29-50 
. 8-29-50 
10-17-50 
6-29-50 
8-J0-50 
8-30-50 
10-19-50 
10-.21-50 
7~21-59 
8-21-50 
9-5-50 
9-5~50 
9-5-50 
9-29-50 
10-6-50 
10-13-50 
10-17~50 
10-18-50 
10-20-50 
10-3-51 
40 
41 
34 
42 
43 
46 
47 
41l 
49 
50 
51 
63 
" 53 54 
66 
6S 
" 39 56 
57 
5S 
60 
61 
62 
64 
65 
67 
402 
Design 
us,lcio 
11s,t:5o 
Design 
57f!JO 
l33,lOO 
136,loo 
156,loo 
153,[50 
l5cf!50 
134,l50 
130f!50 
159,L75 
38WO 
Design 
167..L50 
155foo 
18o,loo 
419,t1o 
40?.J.zo 
Design 
4?0j.oo 
106,.!75 
198,4JO 
19Jj.oO 
l77,4JO 
209,Lo0 
213,L2o 
299,L10 
395f55 
405,t30 
42s,loo 
917..L50 
West 
~·:est 
" 
Salys~avUle 
East 
west 
West S~er., sville 
East 
~lest 
East 
West 
East 
West 
Eaet 
West 
East 
Salyersville 
" 
PAC-S 
PAC-S 
" 
PAC-S 
PAG-8 
RT-19 
S.4 
" 
7.7 
" 
7.7 
7,2 
9.4 
6,6 
7,0 
6,4 
6,3 
7.7 
7.3 
6.5 
7.0 
9.4 
6.1 
6.5 
7.5 
6.6 
6,S 
7.4 
6,7 
S,2 
6,S 
6.5 
6.6 
6,0 
6.4 
5 •• 
6,2 
6.9 
6.5 
9.7 
4% 100,0 
497 100.0 
495 100,0 
429 100,0 
419 100,0 
433 100,0 
411 190,0 
437 100,0 
518 100,0 
433 100,0 
405 100,0 
449 100,0 
438 100,0 
4.1.5 ]90.0 
436 100,0 
428 100,0 
433 100.0 
447 100.0 
427 100,0 
4.22 JOO.O 
400 
411 
37S 
403 
397 
390 
379 
411 
403 
399 
419 
379 
407 
100,9 
100,0 
100.9 
100,0 
100,0 
100,0 
100.0 
100,9 
100,0 
100.0 
100.9 
100,0 
100,0 
93.4 
94.7 
92,6 
93.6 
92.5 
95.6 
90,7 
93.3 
94.3 
90.5 
94.5 
95.8 
94.4 
95 6 
97.0 
'!1.2 
96.6 
'!7.3 
'!1.4 
675 
90.2 
90.6 
69,8 
SS,9 
91.4 
93.7 
87.8 
S7,S 
9!!.9 
96,2 
95.9 
87.6 
98.8 
72:5 
72.2 
72.S 
66.7 
59,1 
6S.5 
63.9 
66,1 
65.8 
66,4 
61.1 
'70,4 
71.3 
lg.B 
69.4 
65.9 
71,6 
70,S 
65,0 
62;.0 
65.9 
70.9 
63.6 
64.9 
66,9 
62.9 
64,S 
64.2 
71.7 
5S.2 
61.5 
55.1 
63.3 
57.4 40.9 34.3 .30 • .3 27.1 23.1 
57.2 41.2 J4,2 30,2 27,0 23,0 
57.5 40,6 34,6 30,.3 27,2 23,1 
48.8 30.2 24.9 20,8 18,3 15,3 
41.2 32,5 26.0 21 • .3 18,4 15.~ 
48.6 29.3 24.8 21.2 18,6 15.5 
42.3 26,7 22.9 20,0 17.9 15.3 
51.7 3.3,1 26.3 21,8 19.1 15.9 
49.9 29.9 24.5 19.9 17.3 14.4 
50.2 31.5 26.6 22,2 19,6 16.1 
43.3 27,0 22.6 18.5 16,1 13.4 
52.9 33,0 26,4 n.o 19.5 16,6 
51.4 31.2 25.0 20,8 18.3 15,3 
J?.B 29 o ?J 9 21.3 19.J J6 1 
49.7 .29.1 24.9 20,7 18,6 16.1 
46.9 29,2 24.2 20.8 lB.3 15.3 
48.7 27,3 23,3 20,1 lB,1 16,1 
53.6 30,7 24.4 21,2 19.4 16.9 
41.4 31.7 '25.1 21,1 18.8 15.9 
405113 2(,6213 210174 
47.7 
45.2 
35.4 
4B.2 
47.1 
42.7 
45.4 
50,0 
46,8 
31.0 
39.1 
32.5 
41.9 
24.0 19.3 16.3 
28,1 20,3 16,7 
'27.7 23.3 19.1 
24.6 20,5 17.3 
23.3 18,2 15-.3 
24.7 18,2 15.2 
25,2 16,0 12.9 
29,6 21.1 18.1 
23.0 17,4 14.6 
25,8 22,4 20,4 
32.1 25,5 21.9 
26.3 21,8 18,8 
27.8 22,9 20,5 
14.6 
14.S 
16.6 
15.4 
u.s 
13.5 
ll,2 
16,3 
1.3.1 
19,0 
19.4 
16,7 
17.0 
12,6 
12.0 
13.7 
13.3 
ll.9 
ll.4 
9.6 
14.1 
11.0 
16,2 
15,8 
13.7 
9.9 
u.s 
ll,S 
ll,7 
7.4 
S,3 
7.7 
s.o 
7.6 
6.5 
7,3 
6,1 
8.6. 
7.3 
6 J 
5.2 
5.4 
4.9 
2.5 
3.7 
2.7 
3.4 
2,5 
<.3 
2,3 
2.7 ).5 
2,7 
2 ' 
s.o 3.3 
7.4 3.0 
?.7 3,0 
8.9 3.8 
7.3 3,3 
7 0 J.J 
6,4 
s.o 
6,2 
6,S 
6.0 
5.5 
9.5 
6.9 
4.7 
6.S 
5.6 
,,0 
,3.1 
3.0 
4.1 
2.4 
3.4 
2.6 
2,4 
1.s 
3.0 
1.6 
3.1 
2.2 
2,0 
1.3 
Mix 
••• 
B-D 
B-15 
B-16 
B-17 
B-18 
B-19 
B-20 
B-21 
B-22 
B-2) 
B-25 
Sample 
Date Sample I.ooation Aggregate 
Placed No, Station lane Souroe 
7-3-51 
7-.4-51 
7-<>-50 
7-?-50 
7 ... 7-50 
7-4-51 
7-4-51 
7-5--51 
7-10-51 
9-17-51 
10-10-51 
10-30-51 
21!2 
21!6 
1 
4 
5 
290 
294 
29B 
)02 
37B 
450 
462 
7...26-51 318 
7-17-50 
7-20-50 
7-12-51 
7..26-51 
7-27-51 
8-7-51 
B-B-51 
B..._,1 
8-8-51 
10-5-51 
8-30-50 
8-9-51 
8-9-51 
B-15-51 
14 
20 
314 ,,. 
442 
334 
))B 
342 
346 
422 
55 
354 
35B 
390 
394 
398 
7-J.0-50 8 
7 .. 14-50 9 
7..,.,.., 12 
7-J.7oo5() l3 
10-30 .. 51 458 
10-.3]....51 466 
Eaat Salyersville 
' 
~fel!t II 
East s~eri'Vllill 
Weat 11 
East QuiclceaDd 
' 
7.35f:15 Eut Quioksl!llld* 
736I:J,O Wut " * 
73'J/.40 * 
743/-50 * 
907/1!1 
Design 
= 922,16o 
W11st Salyersville 
East ~iohand* 
" . 
;o:ast Quiohand 
West " 
.... 
Eaet Sa.l,yer.vllie 
~-Yellt II 
.... 
East (lrl.oka ... 
' 
P.lC 8 
PAC.S 
PAG-7 
RT-10 
" 
B.4 
" 
B.4 
' 
8.4 
PAC-? 11 
B.7 
PAC..S 
RT-10 
.., 
PA.C-7 n 
PAC-? 
RT-10 
PAC..S 
' 7 
" 7 
B.6 
B.1 
' 
B.5 
PAC-7 II 
B.4 
PAG-7 " 
RT-10 
PAC-7 
RT-10 
B.4 
' 
7.9 
' 
7,B 
• 
a.9 ,.,,., 
53JP.io Weat Selyerervlllo PAC-8 
521.foo Eut n . ' 
5ll,l50 
506,l.50 w " 
~iokaSJXJ. NAC..S 
' " 7 
7.4 
7.8 
B,6 
JJJ.2 
9.) 
B.1 
'·' B.8 
7.2 
7.8 
B.O 
B.9 
7.0 
B.1 
B.) 
9.0 
B.3 
9.7 
B.) 
B.7 
7.B 
B.5 
7.5 
7.6 
a.7 
B.7 
9.4 
B,7 
B.3 
B.B 
10.1 
7.0 
7.B 
7.5 
7.4 
B.2 
B,7 
7.a 
5.B 
9.3 
9.4 
7.B 
9.7 
B.1 
7.0 
9.3 
B.4 
517 100.0 
523 100.0 
5ll 100,0 
512 100,0 
~ 100,0 
54.3 100,0 
541 100,0 
503 100,0 
501 100,0 
534 100,0 
514 100,0 
506 100,0 
516 100.0 
515 100,0 
:wo.o 86.6 
:wo.o 89.) 
100,0 83.3 
100,0 84.2 
97.6 90.8 
96.9 83.2 
f1/.6 85.1 
-100,0 74.4 
100,0 B4.4 
100,0 93.9 
100,0 83.9 
100,0 74.4 
100,0 81,5 
100,0 e2.3 
514 100,0 100.0 74.5 
514 100.0 100,0 74.5 
546 100,0 
54S 100,0 
549 100.0 
558 100,0 
~ 100,0 
534 100,0 
100,0 ?9.1 
95.8 82.4 
91.1 68,0 
100,0 85.J 
100,0 79.1 
100,0 80,1 
70.5 43.1 32.8 28,8 26.3 20,) 6,5 
69.1 40.9 34.6 31.0 28.1 21.0 6.4 
71.9 45.) 30.2 26,7 24.5 19,6 6.6 
64.6 43.9 
84.2 59.8 
65.3 51.6 
70,0 55.2 
63,0- 42.9 
65.2 43.5 
69.3 44.7 
61.0 44.5 
62.9 46.0 
63.1 43.8 
62,8 42.5 
33.3 29-.4 26,6 20,6 6. 7 
)6,2 27 • .3 2.3,3 18,7 6.5 
40.9 .34.1 29,8 24,6 U,6 
40,1 31.8 :n.o 21~6 9,3 
.33.4 29,3 26.1 ;w,2 6. 7 
.30.727.1 24.5 18,7 5.4 
.34.3 )0.5 28,1 22.4 7.8 
39.6 30.8 27.7 20.9 6.9 
,36,0 .31.4 27,2 18.4 6 • .3 
35.0 31,2 27,8 20,0 9.1 
33.8 )0,2 27,7 22,.3 8.9 
>.5 
2,3 
2,7 
... 9 
1.9 
4.7 
3.5 
2_,8 
2.2 
3.4 
3.3 
).1 
4.3 
4.3 
54.5 44.5 38.4 J4,6 31.1 23.3 9.0 4.1 
54.5 44.5 38:.4 34,6 :n.1 2J,3 9.o 4.1 
60,9 49.7 4J.4 33.5 34.2' 25,8 9.6 
63.7 52.4 43.6 .35.7. 31.2 25.112.4' 
65.6 51.6 46.1 .39.8 .35.1 29.5 15,6 
71.4 52.4 4),0 .37.5 33,0 23.9 7.9 
60,9 49.7 4.3.4 .36.5 J4,:l 25,6 9.6 
65.5 48.2 39.3 .35.0 .31.2 22,6 8.1 
4.3 
5.B 
6.7 
3.3 
4.3 
4.1 
527 ,100,0. 100,0 70,8 52.2 46.7 42.1 )8.2 34.5 26.2 10,9 5.2 
5.2 527 100.0 100.0 70,8 52.2 46.? 42.1 )e,2 34.5 26.2 10,9 
532 100.0 
542 100,0 
525 100.0 
528 100,0 
527 100,0 
5.34 100,0 
479 100,0 
479 100.0 
500 100,0 
458 100.0 
95 • .3 76.4 
95.5 ?6.9 
94.6 76.4 
95.2 76.2 
95.8 76,2 
100.0 80,1 
90.7 66.1 
97.2 81.4 
93.1 72.7 
88,2 63.5 
61.3 46.7 40.8 37.7 34.2 25.110.1 
64.8 48.8 42.1 38,7 35.0 29,9 ll.O 
61.1 45.1 .39.5 36.6 3.3.9 24,2 9.9 
59.8 46.4 41.3 37.9 .34.0 2.3 • .3 9.9 
60,5 46-4 40.4 .37 .5 .3.3.!1 2.3.0 9.6 
65.5 48.2 .39.3 35.0 31.2 22,6 8,1 
53,0 .39.6 .35 • .3 .32.9 .30,3 19.7 6,9 
61,8 .38.2 27,5 2J.1 20.7 17,6 s.o 
55.6 41.7 37.5 35.2 3.3.1 20,8 7.4 
!i0,3 37.5 33.1 30,6 27,5 lB,? 6.4 
4.0 
4.6 
3.7 
3.8 
3.8 
4.1 
2,4 
3.1 
2.5 
2,) 
527 100.0 98 • .3 76.3 6.3.5 45.9 3S.a .35,9 32,5 24,1 a.? .3.4 
527 100,0 98.3 76,) 63,5 45.9 38,8 35.9 32.5 24-,1 8.7 .3.4 
509 100.0 91.2 71,7 57.5 44.6 .38.9 35.8 )2,6 23,8 9,0 4.1 
100,0 91.2 71.7 57~5 44,6 38.9 35.8 )2,6 23,8 9.0 4.1 
509 100,0 
489 100,0 
528 100,0 
502 100,0 
459 100,0 
450 100.0 
459 100.0 
466 100.0 
471 100,0 
469 100,0 
41t2 100,0 
479 100.0 
446 100,0 
446 100,0 
463 JJJO.o 
446 100,0 
S68 100,0 
56'1 100,0 
584 100.0 
604 100.0 
572 100,0 
~ 100,0 
557 100.0 
100,0 81.2 
100,0 72.9 
100,0 89.4 
100,0 87.1 
99.2 73.8 
98,0 73 • .3 
97.6 65.4 
100,0 76 • .3 
100,0 79.9 
100,0 80.7 
97,2 69.8 
100,0 '72.5 
99.4 72.3 
96.7 73.9 
100.0 85.4 
96.7 73.9 
100..,0 Sl,1 
911.7 86.7 
100.0 87.9 
97.1 86.3 
96.4 83.9 
100.-0 90.1 
100.0 79.9 
64.5 44.0 .35 • .3 .31.2 27.5 17.9 5.2 
se.a 43.6 34.9 JO,J 26.4 16.5 4,2 
70,1 44 • .3 35.6 )2.0 28,6 19 • .3 5.9 
64.3 43.4 .3.3.9 28.5 2.3.8 15,1 4.5 
54.5 .36.7 29.7 25.5 20,0 12,5 5,0 
57.9 .32.7 2.4.6 21,0 19.0 15,7 6,0 
46.3 34.7 3o.3 28.5 26.4 19.4 7.6 
56.7 39.1 29.5 25.4 20,7 12.4 3.7 
62,0 .37.7 27.2 2.3.2 20,0 12,8 5,6 
60,2 38:.5 28,8 24,0 19.7 U,6 3.? 
51,8 35.0 28~3 23,8 lB.9 10.9 4.1 
56. 5 38.4 34.4 30.7 21,7 14.9 7 .s 
49,5 34.8 27 .• 1 23.6 19.9 12.7 4,.3 
57 • .3 .36.6 26.1 22.7 18,4 10,2 .3.2 
6J.,6 34.0 26.1 22,4 18,9 n.o 2,8 
57.3 )6.6 26.1 22,7 18 • .4 10,2 3.2. 
71,2 55.1 44.,5 38.,9 J4,6 27,7 lOoO 
71.3 54.4 .4,).J 36.6 32.5 27.llli8 
73.3 59 • .1 47.7 J7.9 )0,5 26,6 12.8 
75.0 63.9 :;4.5 43.7 )6.6. 29.8 12.5 
69.3 57.8 48.2 :J8.8 .32.9 26.5 12.2 
72.8 S6.5 46.3 40.8 36.5 28,6 9.8 
69.5 53.7 42·7 )7,0 3,3.0 26,8 10,2 
1.B 
1.7 
2.6 
1.7 
1.3 
1.1 
1.3 
4.6 4.a 
6,1 
4.6 
5.1 
•• a 
4·' 
Table 10, RaauJ.ts of Maraha.lJ. Stability Testa and Tempel'aturo MeatlllNmentD on Surfaoe lfut~• 
Bitumen 'f. Voida Ssmplo l!srohill Filled 
""'· 
Data Sample Location Grad, Temperature - oF Percentage Stability Unit Flow W/ Tot&l Aggregate 
No, Placed No, Station 
"""' 
Mod. Sampled ROiled Type Design Extracted 
'"'· 
Wt,, 1/100" Bituman Mix OnJJ' 
5-1 8-1-50 6 5lo,loO West 582 2/J)o PAC 7 9.0 S,1 550 133.1 19 61,1 10,6 ~6.5 
8-1-50 7 513/00 575 2So" " . S.6 375 131.6 15 62.7 10,1 27.0 
8-1-50 8 518/-00 594 323: s.6 413 133.1 13 60.9 10,9 27,8 
B-1-50 9 526/00 563 290 9.4 350 128.8 15 6~.7 10,9 29.~. 
8-2-50 10 527/lJO 571 290" 7,6 313 l29.8 15 51.8 13.5 28.5 
8-2-50 11 532,AxJ 579 225° S.6 575 131.3 lS 64.8 10,) 27.3 
8-2-50 12 486/00 Ea•t 606 220° s.s 400 133.5 15 67.6 e.5 26.2 
8-3-50 14 515,t5o 5S3 250° PAC 8 7.5 338 130.6 14 62,9 12,7 26,9 
8-16--50 17 52if5o 568 260° 7.4 288 129,3 14 32,2 13.2 27.5 
8-10-50 24 561/00 577 200° 8.5 525 132.3 17 64.2 10.6 2?.6 
496/00 603 
0 PAC 8 463 S-2 7-31-50 4 Wast 1700 9.2 10,0 133.4 lS 74.3 7,0 27.3 
8-11-50 27 4761-50 East 598 240 " 9.6 913 136.8 19 78.7 5.4 25.3 
S-3 7-31-50 1 475/00 We at 542 210° PAC 8 B.5 8.3 425 129.9 lS 58,2 11.6 27.9 
7-31-50 2 4?7/tJO 531 220° 8,2 ~.:38 D1.3 19 60.3 10,7 26,9 
7-31-50 3 480/lJO 521 240° 8.4 425 128,7 19 57.2 12.2 28.5 
8-1-50 5 507/JJO West 549 230~ PAC 7 7.9 488 129.9 lS 56.6 12,1 27,4 
ll-2-50 13 493/00 E~t 515 2500 7.5 388 125,1 15 47.7 15.4 29.4 
8-J-50 15 52o,loO 546 215 PAC 8 7.3 33S 128,7 15 51.0 15.9 27.5 
8-14-50 16 523/00 530 2)0° 7.3 325 126.6 16 47.0 15.4 28.9 
9-7-50 31 60.,L5o We at 524 245° 9.0 400 128,0 17 59.4 11.9 29.3 
9-11-50 35 1o6,/o0 542 265° 9.4 450 127,5 16 59.0 12,6 30,8 
9-12-50 36 97fDO East 5/J) 255" 7.7 425 127,6 16 51.3 13.9 28,6 
11-1-50 52 330,£90 West 24D' 7.1 63B 129.3 16 50.0 13.7 2?~3 
S-4 8-7-50 lS 539f90 We at 593 230° PAC 8 9.0 9.8 575 135.8 16 78.0 
'·" 
26.0 
8-15-50 21 554,150 " 606 225° " " 9.1 604 134.3 16 73.4 6.9 25.4 
B-9-50 22 5?0/00 5SS 230° s.s 733 134,2 15 70.9 7.4 25.3 
8-10-50 23 575fDO 5SS 210° 9.2 638 133.7 17 70.8 7.S 26.5 
S..5 8-?-50 19 543PJO Wast 575 220° PAC 8 8.9 9.3 5SS 1.37.5 18 75.4 6.1 25.4 
B-7-50 20 550foa 563 200° 8.1 463 D4.3 15 62,3 7.7 26,2 
8-18-50 25 544fo0 E~t 574 21.50 S.2 563 132,9 16 59.9 11.0 27.4 
8-10-50 26 535.,l50 573 24o;; 10.0 627 131.3 19 71,0 8.7 24.6 
9-6-50 29 59f75 570 190 8.7 438 130,6 19 61.8 10,6 27,7 
9-11-50 32 79;i.so West 583 225° e.s IIJO 129.6 16 58.9 12.0 29,2 
9-11-50 33 95f50 581 225° . 8,1 608 128,9 20 57.1 11.9 27,4 
9-D-50 37 n5,£oo 562 195° 8. 7 53B 129.9 17 60,0 13.8 28.4 
9-14-50 39 13lfo0 Eaat 593 no' 8.4 525 130.4 15 59.3 11.4 27.9 
9-14-50 40 126,150 565 225° 7,0 600 129.3 18 49.1 13.9 27.4 
9-11-50 34 10Jfoo West 564 365° 8.1 sse 129.6 22 61,5 11,2 29,0 
S-'> 9-6-50 2S 70/00 East 551 250° PAC 8 S,7 8,2 413 1,30.7 18 . 58.2 11,6 27.7 
9-7-50 30 52/00 ..... 559 ·210° " .10.2 350 125.9 18 65,0 10,8 30.8 9-13-50 3S 135fo0 Eaet 553 220° 8.4 6SS 1)2,1 lS 62,1 10,2 25.6 
9-15-50 41 117/-_75 550 240° S.9 563 128.4 16 58.8 12,1 29.4 
9-16-50 42 15o,loo West 559 230° 7,6 528 131.8 16 57.5 11.1 26.1 
10-24-50 50 229/00 551 225° S.7 788 128,2 19 5}.5 13.5 29,0 
S-7 9-18-50 43 15Sf5o ... t S7l 245° PAC 8 8,8 8.5 500 131.6 14 61.5 10.6 27.4 i)-27-50 44 17J/.70 " 552 230~ • S,j ,. 129.9 16 58,3 11.4 27.8 9-27-50 45 171/00 557 250 S.4 650 1..·n.2 16 61,0 10,6 27.2 
9-27-50 46 564 2)0° 8.5 58S 131.2 16 61.2 1o.9 27.4 
9-28-50 47 193/00 \lost 554 225° 8.4 575 130.9 16 59.9 11.1 27.6 
9-'!il-50 48 194,160 Eut 560 nfJ' 8,2 450 131,0 16 59.4 11,0 27.1 
~8-50 49 19S,Io0 537 230° 10.3 563 130.7 17 ?0.5 s.6 29.1 
11-l-50 51 315,£?0 W.ot 546 
280° 
250° S.2 63S 129.1 :ul 56.3 12.5 28,0 
6-21-51 200 459/00 West 560 250° PAC 7 s.o 850 l34.1 16 60,5 9.4 24.2 6-:18-51 208 46!l,115 557 290° 264° PAC S 8.3 S13 130.3 16 58.1 11.9 28.1 
6-28-51 212 472120 573 260° 252° S,1 825 134.8 16 65.1 9.1 25.4 
6--29-51 216 464/.50 Eest 560 210° 200° 7.9 838 129.5 16 55.2 12.7 28.0 
7-13-51 220 'l.Ws~ ~\ ~ ~ 2'J5° P~C7 " 'Tr.~ 1Wm El:.~ l3 ~~.~ ld-:1 ~:~ 7-1~51 m =' " J6 
.... 6-21-51 204 46:;,<25 ·West ~76 230° 222° PAC 7 S.9 9.) 975 Dl.7 19 62,0 11.3 29.4 
627f.4o 563 255~ • PAC 7 8.7 9.3 1075 1,36.5 17 76.2 6,0 25.4 S..9 S-21-51 228 \lost 2350 
B-21-51 232 616,130 " 538 2100 190, 9.1 650 136.8 "' 
75.5 6.1 24.9 
S-22-51 236 556 260 24D 8,1 950 137.9 16 ?J..4 6.6 23.5 
B-.30-51 240 667/00 
"""' 
546 275° 255° 8,8 lOSS 138.8 19 ¥7.4 5.3 23.7 
S-J0-51 244 643,180 568 265° 245° 8.5 lOOO 135.2 19 67.4 8.3 25.5 
9-7-51 '248 563 290' 270° 9.1 1275 135.4 19 71.5 7,2 26.1 
9-10.51 "252 B07,t30 Esst 547 285° 260° s.o 863 135.2 16 65,5 S,5 24.8 
oj-11-51 
"" 
821/00 561 275° 252° 8,6 lll3 136.8 16 72.S '6.7 24.4 
5-10 9-25-51 •.060 762/-10 Wast 721 250° 0 230 PAC 7 10.2 8,2 475 125.il 13 50.6 15.2 :JO. 7 9-25-51 "264 754<!50 732 250° 230° • 8.7 688 131.) 13 &l,EI 10,7 28.0 9--26-51 •• 26B 748/00 East ?OS 285° 265~ B.; 738 12?.2 13 55.6 12.7 29,0 9-26-51 **272 755foo 720 330° 3050 S,9 800 134.1 16 67.2 8.9 26.9 9-26-51 .. 276 823,195 737 235° 21~ 10,4 6BS 132.6 13 73.9 7.4 28.5 9-27-51 .. 280 B¥Jf.\5 West 723 225° 205° 9.7 825 133.4 13 76.3 6.3 25.9 9-27 ... $1 "284 837~5 726 300" 2So" 9.2 1025 133,8 l3 75.0 6.2 24.8 9-27-51 ** 288 ~ 693 260' 240' 9.4 825 129.1 13 62,7 10.8 29.5 9-27-51 •• 292 Eaot 744 220' zoo• 9.9 763 128.2 13 62,7 11.5 30.8 
Table 10. Results of Harshall Stability Tests and Te.mperature Measure:ments on SUrface Mixtures 
Sample ! Yoidp 
Location 
Temporature - ?I Percentage Marshall Filled 
""'· 
Date Sample Grad, Ste.bUit:r Unit Flov W/ Total Aggregate No,, Placed No. St!l.tion La"' Mod. Sampled Rolled Typo ,.,,.,. F«traoted No, wt. 1/100" Bitumen 
""' 
~ 
*"' 296 850,135 
0 280~ PAC 7 10,1 10.4 1226 1)5,0 l3 80.9 5.1 26.4 5-11' 9-27-51 East 723 3000 
• 9-:?7-51 ** 300 853,125 723 260, f9go " 9.6 1475 l34.8 11 75.1 6.6 26.2 
• 9-28-51 u 304 873/-40 We at 72B 210 10.8 975 130,5 l3 72.0 8.1 29,9 
** 316 93J.,loo 675 205° 
0 RT-10 9.9 12.4 S-12 "10-15-51 185, 7.3 503 l34.0 l3 53.3 27.5 
• 10-15-51 ** 320 670 200° 180, " 7.9 335 132,2 l3 52,9 14;0 29.6 
' 10-15-51 ** 324 702 205° 185, 8.1 612 132,2 l3 53.5 u..o 30.1 
•' 10-15-51 ** 328 693 160° 140 9.9 640 l38.9 11 73.6 7.) 28.5 
~ 10-1?-51 ** 332 871,135 703 195° 175° 8.3 320 131,8 9 53.9 l3.& 30.5 
S-13 •10-16-51 ** 348 688 170° 150° RT-10 9.8 10.7 633 337,3 11 75,2 7.4 29.9 
• 10-16-51 ** 352 682 185° 165° " " 8.3 516 l34.1 l3 57.7 12.3 29,1 
** 364 1096,00 
0 
355° NAC 8 10,J 9.8 l.6 8.8 S-14 • ll-9-51 ''"t 728 3750 1179 l33.9 71,1 30.4 
"11-9-51 fHI 368 11oo,/oO 733 265 245° " 9.3 800 134.3 l.6 70,2 8,8 29,5 
·11-9-51 ** J72 noJ,too 741 245° 225° 8,9 758 13;:!,2 16 63.0 11.4 30,6 
S-15 •· 9-28-51 ** 308 661 350° 330' RT ... lO 9.7 8:9 9l3 132,2 13 67,9 8;7 26,4 
< 10-15-51 ** 312 936,/oO 673 210° 190' " " 9.0 403 135,2 l3 60,6 11,0 29.4 ~ 10-15-51 ** 336 665 190° 170° 8.5 489 J30,5 9 54.1 14.:2 .31.0 
,, 10-15-51 Ill! 340 886,4o Weot 658 190° 170° 8.1 719 l38.3 9 61.9 9.? 27,3 
" 10-15-51 ** 344 8B4':!o 670 165° 145~ 8.8 633 135.7 11 61.4 1o.5 29.4 
,, 10-.16-51 ** 356 663 170° 1500 9.0 716 l35.6 9 64.1 1D.9 29.4 ~ 10-16-51 ~ 360 652 200° 180 9.9 545 ~5.1 9 67.6 9.8 )0,1 
• Specimen from sect+on using hard stone aggregate • 
-
~fiXtures prepared l'fith crusher run aggregate passing J/8 11 screen, 
""' No, 
Data 
Placed 
B-1 7-6-50 
7-7-50 
7-10-50 
7-14-50 
7-14-50 
B-2 7-19-50 
7-19-50 
7-10-51 
7-12-51 
9-18-51 
10-4-51 
B-3 7-19-50 
7-20-50 
7-20-50 
7-20-50 
7-21-50 
B-4 B-14-50 
8-14-50 
B-14-50 
B-5 8-15-50 
8-15-50 
8-15-50 
8-17-50 
• 10-4-51 
B-6 B-17-50 
B-17-50 
8-18-51) 
8-18-50 
B-7 8-21-50 
8-21-50 
• 10-10-51 
B..S 7-10-50 
$-21-50 
' 8-7-51 
• 8-9-51 
• 8-14-51 
B-9 8-23-50 
8-23-50 
B-10 8-I.S-50 
8-24-50 
ll-25-50 
8-25-50 
8-25-50 
8-25-50 
8-28-50 
8-28-50 
s-:!S-50 
8-29-50 ' 
8-29-50 
10-17-50 
B-11 8-29-50 
8-30-50 
8-30-50 
10-19-50 
10-23-50 
B-12 7-21-50 
8-21-50 
9-5-50 
9-5-50 
9-5-50 
9-29-50 
1o-&50 
10-12-50 
10-1?-50 
10-lB-50 
10-20-50 
• 10-3-51 
Table 11. Results of Marshall Stability Teets and Temparatur• MoioaSUl"ements on Binder· M1xturea 
Sample 
No, 
Semple 
Looation 
Station lane 
Graci, Temperature - °F 
Mod, Sampled Rolled 
2 
3 
6 
10 
11 
567/00 
562100 
572/00 
519fo0 
516/00 
16 505,l50 
17 499f.50 
)06 6JJ.I.40 
310 622f.30 
382 
414 948..0::10 
15 5os.tso 
18 4SJfoo 
19 479f.50 
21 479f50 
22 47J;I.50 
24 """'"0 
25 462/-50 
26 456100 
27 MS/-.50 
28 458:,l50 
29 462f.50 
30 8o,lso 
410 946/-30 
31 68,l50 
32 56f.50 
33 53/-50 
35 63}lso 
36 78/00 
37 82/00 
446 
7 562foo 
38 98f.50 
1<330 709/.25 
*350 753/#J 
*362 745"!-75 
40 :us,loo 
41 11s,l5o 
34 57/00 
42 133/00 
43 136/00 
44 139/00 
45 150f50 
46 156foo 
47 153foO 
4S 150,l50 
49 134'5<J 
50 130,.l50 
51 159,£75 
63 38Jjoo 
52 167/00 
53 155,loo 
54 100,Ioo 
66 419,<10 
68 402/'10 
23 
39 
56 
57 
58 
60 
61 
62 
64 
65 
67 
402 
470/00 
106,1.75 
198/00 
193/00 
177foO 
209/00 
2731-.'20 
299f.10 
395/95 
40,;1)0 
435.-'50 
9l7f.50 
East 
Wast 
EMt 
l-!est 
East 
Heat 
West 
486 
478 
511 
523 
523 
519 
533 
527 
541 
532 
West 471 
East 484 
II 495 
West 45S 
466 
East 496 
505 
4B7 
West 493 
" 491 
442 
Eaat 491 
'l~est 486 
East 508 
". 465 
l·!est 504 
500 
West 476 
West 
Ea•t 
West 
489 
588 
622 
590 
595 
584 
585 
West 497 
" 495 
West 419 
433 
411 
437 
East 518 
433 
405 
449 
438 
West 415 
West 428 
433 
Eaat 447 
West 427 
.... 
West 4ll 
n 378 
403 
397 
390 
379 
'v.'est 411 
F:ll.!lt 403 
399 
West 419 
East 407 
0 
200 
210° 
PAc-a 
PAC-8 
PAG-7 
' PAG-7 
RT-10 
PAC-8 
PAC-8 
PAC-8 
" 
RT-10 
PAG-8 
' 
PAG-8 
RT-10 
PAC-8 
PAC.-7 
PAG-8 
PAC-8 
PAG-8 
" 
"'""""" Pergephge 
Design Extracted 
8,3 
' 
.., 
" 
8,0 
" 
8.2 
" 
8,1 
" 
8,2 
" 
8.1 
9.1 
" 
8,4 
" 
7.7 
7.4 
" 
8,6 
7,6 
8,5 
10,2 
6,3 
6.3 
7.4 
7.8 
6.7 
8.4 
ll.9 
6.7 
6.3 
6,8 
8.2 
8.0 
7,2 
7.1 
7.6 
7,7 
7.6 
6.6 
7.6 
6.1 
9.4 
7.3 
7.8 
7.5 
7.1 
8,0 
7.1 
9.6 
10,0 
9.1 
8.5 
9.0 
7,2 
9.4 
6.6 
7.0 
6.4 
6,4 
6,3 
7.8 
7.3 
6.5 
7,0 
9.4 
6,1 
6.5 
7.5 
6.6 
6.8 
7.4 
6.7 
8,2 
6.8 
6.5 
6.6 
6,0 
6.4 
5.8 
6.2 
6.9 
6.5 
8.5 
Mart~hall 
Stabllit;r Unit 
No, wt. , 
700 
5l2 
388 
500 
475 
163 
175 
108.3 
963 
900 
683 
1,31,8 
132,5 
130,2 
130,7 
128,1 
130.3 
126.4 
135.0 
135.2 
132.9 
139.9 
200 130.9 
350 130.3 
438 131,7 
625 132,7 
600 1)6,8 
475 133.2 
438 133.9 
338 132,3 
325 130,1 
338 J2?,7 
500 132,7 
694 141.5 
550 135,1 
438 132,1 
400 133.2 
575 133.5 
613 134.3 
6S8 J35o'1 
465 141.4 
~·8 
588 
888 
775 
925 
130,7 
136,6 
129.3 
131,0 
130,8 
6oo 134.3 
550 132,6 
388 128,8 
388 130.7 
375 J28,0 
300 127,0 
208 121.6 
413 128,0 
425 128.7 
313 126,2 
425 130,7 
363 J26.5 
388 12),0 
513 127,1 
463 129.5 
375 128,) 
738 127,7 
625 124,9 
400 
575 
J1J 
313 
238 
325 
388 
"' 463 638 
650 
606 
129.8 
134.5 
126.5 
124,2 
123.? 
124.0 
126,5 
119.8 
1.:25.1 
125.6 
l26,2 
132.1 
Flov 
1/100" 
14 
15 
13 
13 
12 
15 
l2 
13 
16 
16 
13 
21 
15 
16 
21 
17 
16 
16 
15 
19 
16 
16 
13 
18 
16 
20 
17 
23 
22 
16 
16 
23 
13 
17 
17 
19 
19 
16 
15 
17 
14 
15 
18 
18 
21 
18 
17 
21 
19 
20 
17 
26 
17 
17 
20 
15 
17 
20 
25 
18 
16 
19 
19 
17 
12 
% VoidB 
Filled 
w/ Total 
BitUillen Mix 
64,0 
58,) 
60,2 
70,7 
40.8 
J,b.6 
47.4' 
63,7 
56.4 
6.3~6 
86,9 
49.7 
46.7 
49,2 
60,3 
63.3 
56,2 
60,0 
59.1 
54.1 
69.3 
74.1 
57,? 
74.5 
56.1 
58,0 
70,1 
58.4 
65.6 
61.9 
66.8 
8l,6 
54.2 
58.5 
62.4 
60.;2 
. 67.4 
46.3 
5n.7 
46.3 
44.3 
35.2 
47.7 
49.9 
41,6 
46.6 
57,6 
36.4 
54.8 
52.4 
46.0 
45.3 
45.9 
47.9 
67.5 
47.7 
40.2 
39.8 
37.3 
42.3 
32,2 
42.5 
44.3 
42.4 
65.4 
9.6 
10,8 
11.1 
8.5 
17,) 
13.9 
lS-5 
9.0 
10.4 
9.5 
3.9 
13.2-
13.9 
l2.7 
10,5 
9.3 
10,9 
10,2 
10.9 
12,3 
14.9 
10.5 
9.3 
6,7 
11.3 
11.4 
9.9 
10,2 
8.4 
8.3 
9.6 
4.7 
11,0 
10,9 
10.8 
9.5 
9.1 
14.7 
13.3 
14,0 
13.1 
19,2 
15.4 
14.1 
14.4 
14.3 
13.3 
19.4 
15.7 
13.1 
14.8 
15.4 
16,3 
14.0 
8.4 
15.5 
17.8 
18,2 
18.4 
16,3 
21.4 
15.8 
16,2 
16.5 
9.4 
26,7 
25.9 
27,8 
28.8 
29,0 
26,0 
29.5 
24.8 
24.0 
26.5 
29.4 
26,2 
26,0 
27,2 
26.4 
2),3 
25.0 
25.4 
22,0 
25.9 
25.6 
26.9 
32,8 
28,7 
25.5 
33.8 
27.7 
28,1 
23,9 
28,0 
27.1 
26.9 
26,3 
27.6 
)0,6 
29.3 
28.1 
29,0 
26,7 
32,8 
30.4 
34.9 
27.7 
27.3 
28,4 
)0,1 
26,8 
25,2 
28.3 
29.8 
)0,2 
37,2 
28,2 
21,6 
27,5 
29.1 
28,6 
:n,o 
Table ll. Reeultfl of Marshall Stability Teate and Tempore.tUl'e Me8JJ\l!'Milenta on Binder Mixtures (Conti d) 
Somplo BitU!IIen 
% Void• 
location Temperature - OF Pt~rcentage Marehal.J. Filled 
Mix Date Srunple Grad, Stability Unit now W/ Mal !i'gregate 
No. Placed No, Station Lane Mod, S!\ll!IJlad Rolled Typo Design Extracted Np W1h JDoow Btt1ppep Mb Only 
0 0 
B-13 7-3-51 282 4J,l25 Eaet 523 3200 280, PAC-$ 8.4 7.4 1150 138,1 l3 67.9 7,) 22,6 
7±51 286 Mo 511 265 Y.? ' 7.6 lAlJ 11' ·4 19 55 6 n 9 26.4 
57J,IoO 
0 
8.6 16 B-14 7-6-50 1 Eaot 546 180, PAC ...S 8,4 588 ]30,2 61.3 10,7 25.8 
7-7-50 4 550,100 543 2250 • 19.2 363 132,6 l3 74.'J 7.2 27,7 
7-7-50 5 543,loo 541 
265° 
180, 9.J 525 132.4 17 67.8 8.9 27,6 
7-4-51 290 49,150 }Jest 503 245, PAC-$ 8,1 1050 137.0 16 69.6 7.4 24.2 
7-4-51 294 3l;!90 501 250° 235 8,3 925 133.5 18 64.0 9.6 25.9 
7-5-51 298 17/<10 E~t 534 245° 225° 8,8 938 l'Jl.6 16 63,0 10.3 27,S 
7-10..51 302 628,130 514 230° 215° PAC-7 7.2 ll38 135,6 11 60,7 9.4 24.0 
•9-17-51 378 867{'20 West 506 290° 270° PAC-7 7,8 650 127,9 16 521;5 ].3,8 2S,4 
' 10-10-51 450 516 200° 180~ RT-10 8,0 725 140,6 16 69.2 7,6 24.4 
• 10-30-51 462 250° 210 6.9 935 13)4 19 62.7 10.6 2!L5 
B-15 7-26-71 318 645,rf10 East 518 y.o' zut PAC'-7 E\.4 7.7 975 131.2 16 6Q.J ll.O 26.2 
B-16 7-17-50 14 503,l50 Eeot 548 230~ PAC-$ 8,7 7,0 523 l'J2,6 14 55.0 10.4 25.2 
7-20-50 20 486/<JO West 549 255o ' • 8.1 471 l'J2.1 17 59.9 10,8 26.9 7-12-51 314 642/.&J East 558 275° 240 PAC-7 ·• 8',3 ll75 137.7 9 71..6 6,8 24.0 
7-26-51 322 663/.&J 546 225~ 21l<f, 9.0 825 135.9 16 69.5 7.7 26,9 
• 442 544 200 l$0 RT-lD B.j 676 ]29.j p M 9· 15 l 21 a 
B~17 7-27-51 126 66j,[QO West 527 225° 0 200 PAC-7 B 5 9.7 825 l'J4.j 22 n.7 7.9 ?7-1 
735,115 240° 
0 
8.6 963 B-18 , 8-7-51 *.334 Eaot 542 220, PA~7 8.3 132,1 16 61.4 10,S 27.2 
• 8-8-51 *.336 736/,20 w.,t 525 265~ ~0 • . 8,7 1075 l36o0 16 65.6 9.3 26.9 
• 8-8 ... 51 '342 mk.D " 528 2350 7.8 963 130.5 19 56.1 12.0 27 • .3 
' 8-8-51 *346 743f.50 527 235 215° B.5 988 129.4 19 58.3 ll.9 28,6 
• 10-5-51 422 907.fgl 534 200° w' RT-10 7.5 Zlj ill J 13 684 7.4 21·-4 
ll-19 8~30-50 55 190/<10 We at 479 
' 
250~ PAC-8 8,1 7,6 350 128.2 14 .51.8 13.5 28,0 
,• 8-9-51 ~354 765ftJO Eeot 500 2750 2550 PA~7 . 8,7 908 132.1 16 63.5 10.1 27.5 
' 8-9=51 *158 77ofoo 56fl WI 220 e.z 638 U2.7 22 64.6 9.6 271 
0 
215° B-20 8-14-71 *366 775f90 East 527 225 f'AC-7 8 5 9.4 838 J28( 19 56 9 129 lJ.4 
B-21 8-15-51 *370 509 250° 210° PAM B.l 8 7 900 ]32 6 ]9 63 6 9 9 6.7£ 
899,145 215° 
0 
B-22 ' 10-2-51 390 Eaot 489 1950 RT-10 8.4 8.3 486 134.3 9 59.4 ll.4 28,2 
' 10-3-51 394 aas,iob West 528 250° 2300 8,8 585 136.8 10 64.7 9.4 28,2 
10-J-51 398 qnLip Ea.st' 502 J.BOO 169 10.1 5% 14J9 13 647 4 j 25.6 
B-'3 9-5-50 59 170fiJO East 450 
24s' 
240~ 7.9 7,0 338 123 .• 1 19 41.9 17.8 30.6 
8-17-51 374 459 225, PAC-7 
' 
7,8 950 130,6 17 56.2 11.9 27,2 
'10-4-51 406 952f;.n We at 466 200° 180 RT-10 7.5 468 139.2 9 69.S 6,8 22.3 
• 10-4-51 41B 93.3/.70 471 200° 180° 7.4 728 138.7 13 6!.4 9.7 25,0 
' 10-8-51 426 965,173 East 469 200° 180° 8.2 479 140,7 13 76.9 5.2 22,5 
' 10-9-51 430 41.2 215° 19C' 8,7 323 141.3 16 84.8 3.4 21.9 
, 10-10-51 434 479 190° 170° 7.8 54! 145.3 16 77.2 5.1 22,0 
0 10-10-51 qe Mh 200° 1800 5.8 608 U0.6 J6 g.? 9 J 218 
B-24 ' 10-2-51 386 896,1oo 463 205° 
0 
RT-10 E~t 1!!5 7,8 9.3 463 134.1 16 63.2 11,2 30.3 
'10-10-51 454 Mh 200° l!lO' ' 9.4 '}@ 142 7 16 914 1 9 22·2 
B-25 7-10-50 8 533;igg West 567 230° PAC-$ 8.9 7.8 300 130,2 14 55.4 12,2 27.4 7-4-50 9 527 Eoet 584 
" ' 
9.7 913 136.5 18 78,2 5.6 25.7 
7-14-50 12 51l,i50 604 290° 8,1 275 126,4 13 54.7 13,1 28.7 
7-17-50 13 506,l50 572 0 225° 7,0 363 126,6 14 49.6 13.7 27,1 
< 10-30-51 458 586 250 230~ NAC-$ 9.3 843 133.1 14 70,8 10,4 29,2 
'10-31-51 4§6 2Ml 220 NAP..? 8.4 969 ]34 2 16 61.8 10 'i 27 4 
• Specimen from this section ueing aoft stone aggregate, 
• 
No No 
S-t 17-5 
B-.3 52-5 
S-4 18-5 
S-5 19.--5 
S-6 50-5 
S-7 48-5 
49-5 
51-5 
216-5 
220-5 
224-5 
228-5 
" 232-5 
244-5 
" 256-5 
S-10 276-5 
" 
280-5 
284-5 
S-11 304-5 
" 
S-12 JJ.6-5 
332-5 
S-13 352-5 
S-14 364-5 
.372-5 
S-15 308-5 
.340-5 
B-1 2-B 
.310-B 
B-5 410-B 
330-B 
362-B 
' 
Bl:..umen 
PAC-8 7.4 
PAC-S 7,1 
PAC--S 9.8 
9.3 
0.1 
8.2 
"" 10.3 
8.2 
7.9 
PAC-7 7.4 
PAG-7 
' 
7.0 
9.3 
' 9.1 
8.5 
8.6 
PAG-7 10,4 
" 9.7 
rAG-? 9.2 
" 
PAC-7 10,S 
' 
RT-10 7.3 
RT-10 S.J 
RT-10 8,3 
NAC-S 9.0 
0.9 
PAC'-7 8,9 
" R!I'-10 8.1 
PAG-8 8.6 
PAC'-7 7.8 
6.7 
R'r-10 6,1 
PAG-7 9.1 
9.0 
Table 12. Comparison o! Test Properties of Cored & Field Laborator,y Prepared Specimen. 
~ 
Stability Unit Weight 
Lab", Core Lab, Core Lab. Core 
288 1238 129.3 133.0 14 
638 988 129.3 140.4 16 
575 6SS 135.8 142.3 16 
588 938 137.5 144.1 18 
788 sas 128,2 136.o 19 
450 9BB 
563 12.38 
638 1038 
B.38 llBB 
1075 l425 
1038 l46o 
1075 
' 650 
" 1000 
1113 
" 
688 
825 
1025 
" 
1291 
1200 
lll6 
1225 
1430 
1505 
1389 
1367 
1374 
126o 
714 
653 
786 
470 
131,0 142.9 i6 
130.7 139,8 17 
129.1 14.3.5 1B 
129.5 142.3 16 
132.9 142.9 13 
131.2 141.0 16 
136.8 
1.35.2 
" 136.8 
136,8 
141.0 17 
143.5 
140.4 28 
141.6 
143.5 19 
142.3 19 
143.5 16 
143.5 16 
132,6 134.2 13 
132.6 134.2 11 
13.3.4 1.34.8 13 
1.3.3.4 1.30.4 
133.8 1.31,0 1.3 
13J,S 1.32,9 11 
975 975 130,5 131.0 13 
" 897 130,5 133.5 13 
503 397 134.0 1)6,0 13 
530 134.0 136.0 13 
320 915 131.8 137.9 9 
660 131.S 1.31.7 9 
516 509 134.1 129.8 13 
" 698 134.1 132. 9 1.3 
1179 
" ?58 
524 
842 
889 
99!! 
913 672 
II 679 
719 485 
436 
13.3 .. 9 137.9 16 
133.9 137.3 16 
132,2 137 • .3 16 
1,32,2 140.4 16 
132,2 128.5 13 
132.2 1.30.4 13 
1.38 • .3 134.8 9 
138.3 126,7 9 
700 lOBS 131.8 146.0 14 
1083 1128 135.0 142.3 13 
1267 
963 1175 
'-1370 
1.35.0 
135,2 
135.2 
142.3 13 
142.9 16 
142.3 16 
694 430 141.5 132.3 13 
362 141.5 127.9 13 
888 15li 
1534 
925 1395 
1395 
129.3 142.9 13 
129.3 142.9 13 
130.!! 140.4 17 
130.8 139.8 17 
22 
9 
19 
19 
16 
19 
13 
13 
22 
19 
22 
22 
22 
22 
22 
16 
19 
22 
19 
16 
17 
22 
17 
16 
14 
14 
14 
11 
13 
17 
20 
9 
13 
25 
22 
25 
22 
16 
14 
13 
13 
19 
19 
19 
19 
21 
16 
16 
19 
19 
19 
21 
%Voids 
. Filied/li 
Total Mb: Mg. Dnl.y Bitumen 
Lab, Core Lab, Core Lab, Core 
5.8 1..3 
6.1 0.9 
13,5 B.5 
n.o 3,0 
8.6 2,7 
12.5 3.4 
12,7 4.3 
10.7 4.2 
11.5 5.1 
6.0 
' 6.1 
8.3 
8.3 
6.7 
~ 
3.1 
1.3 
3.8 
3.0 
2.5 
3.4 
2.5 
2.5 
7.4 6.5 
7.4 6.5 
6.3 6.9 
6.3 9.9 
6.2 10.3 
6,2 15,8 
8.1 8.3 
1
.' 6.4 
12,4 12,S 
12,4 12.8 
1),8 10.5 
13.8 14.6 
12.3 13.0 
12.3 10.9 
8.8 6.8 
B.S 7,2 
11.4 8.3 
11.4 6.3 
8.7 12.4 
!!.7 ll.l 
9.7 10,7 
9.7 16.1 
9.6 0.4 
9.0 4.7 
• 
10.4 
' 
11.0 
11.0 
10 .. 8 
' 
4.7 
5.4 
5.!! 
2.2 
'·2 
4.3 
4.7 
27.5 20.4 52,2 77.5 
26,0 22.5 ?8.0 94.2 
25.4 21.2 75.4 95.8 
29.0 2.5.1 53.5 66.1 
27.1 21.3 
29.1 24.7 
29.1 20.3 
28,0 21.2 
25.6 20.0 
26.9 21,6 
25.4 
25.4 
24.9 
24.9 
25.5 
25.5 
24.4 
24.4 
22.9 
21.5 
23.2 
22.5 
20.9 
21,6 
21.1 
21.1 
28,5 27.8 
28,5 27.8 
25.9 26.8 
25.9 29.1 
24.8 29,0 
24.8 23.0 
59.4 85.9 
70.5 89.1 
56.3 03.3 
55.2 79.7 
57.9 79.0 
57.2 76.4 
76.2 
76,2 
75.5 
75.5 
67.4 
67.4 
72.8 
72.0 
86,5 
93.9 
83.6 
86.6 
ss.o 
84.2 
88,1 
S8.1 
73.9 76.6 
7.3.9 76.6 
76.3 74.2 
76.3 74.2 
75.0 64.4 
75.0 75.1 
29,9 29.9 72.0 !72.2 
29.9 28,6 72.0 76.9 
27.5 25.7 
27.5 25,7 
30.5 25.5 
30.5 28.9 
53.3 50.2 
53.3 50,2 
53.9 58.8 
53.9 49.9 
29.1 26.9 57.7 51.6 
11 29.1 " 56.1 
30.4 27.4 
30.4 27.7 
30.6 26.8 
.30.6 25.2 
26.4 29.7 
26,4 2S,7 
27.3 24.9 
27.3 29.5 
71.1 75.1 
71.1 74.0 
6),0 69,0 
63.0 75.0 
67.9 58.2 
67.9 61.3 
61.9 57 .a 
61.9 45.4 
26,7 18.8 64.0 97.9 
24.8 21.3 63.7 77.9 
24.!! 
24.0 
" 
21.3 63.? 
19.6 56.4 
19.9. 
71.9 
72.4 
70.9 
22c0 26,8 57,7 44,4 
29.2 " 39~3 
.33.8 21.9 
33.9 2.1.9 
28.1 23.4 
28.1 2).7 
54.2 
54,2 
62.4 
62.4 
89.9 
89.9 
!!1.6 
80.1 
'Remarks 
Passing 3/8" Crusher run 
" " . " 
Passing 3/811 Crusher run 
" " . " 
PBBsing 3/8 11 Cruaher run 
' " 
Passing 3/811 Crusher run 
' ' 
Passing 3/.8 11 Crusher run 
II. II 
Hard-tJtone Two aggregete binder 
'I II 11 'I 
Soft stone two aggregate binder 
n n n " 
Table 12. Comparison of Test Properties of Cored & Field Laboratory Prepru:"ad Specimen. {conttd) 
0 
' Marshall Fillod/W 
Mix S8lllple Bitumen Stabilitv Unit l.'ei.?:hl: Flm; Total lili Agg, Onl;,; Bitumen 
No. No, Type Percent Lab, Core lab, Cor. Lab Coro Lab. Core Lab, Cora Lab. Core Remarks 
B-10 63-B FAG-a 6,1 3BS 1038 123.0 138.5 21 21 19.4 9.0 .30./f 21.4 36.4 ~7.9 
B-ll 52-B PAC-S 6.5 513 ll38 12?.1 142.9 19 21 15~7 5.S 34.9 19.5 54.S 70.3 
54-B PAC'-8 6.6 375 lOBS 128.3 l44.S 17 19 14.S 4.2 2?.'3 lll.4 if,.o 71.2 
B-12 56-B 6.S 313 1068 126,5 139.2 15 13 15.5 7.9 28.3 21.9 47.7 63.9 
58-B 6.6 238 11M J.2~LO 145.6 20 13 1$,:? 6.4 30.2 20.2 39,S 70~3 
6o-B PAG-8 6.0 325 638 J?-4.0 137.9 25 19 18.4 6,0 37.2 17.6 37.3 65.9 
61-B 6.4 338 ?&\ 1'2.6.5 135.4 lS 16 16.3 10.7 28.2 23.5 42.3 54.4 
62-B 5.8 2]8 1138 119.8 142.9 16 21 21.1+ 2.1 31,6 14.2 )2,2 B5.2 
64-B 6.2 463 lOBS 125.1 l.\.0.4 19 16 15.8 7.8 27.5 20,6 42.5 62.1 
B-13 282-B PAC-8 7.4 1150 ll90 138.1 142.9 13 19 7.3 4.6 22,6 20.4 67.9 71.5 
" " " 
916 141.0 13 21 7.3 5.S 22.6 21.4 67.9 72.9 
288-B 7.S lOlJ 1320 131.4 140.4 19 23 ll.9 6.2 26.4 22,6 55.6 72.6 
1392 141.6 19 21 ll.9 5.5 26.4 22.1 55.6 ?5.1 
B-14 1-B PAC-8 8.6 58$ lOBS lJO.J 143.5 16 13 10.7 1.3 25.8 19.9 61.3 93.5 
290-B 8.1 1050 1376 137.0 141.6 16 21 7.4 4.6 24.2 21.9 69.6 78.9 
1645 141.0 16 19 7.1;. 5.9 2.4.2 22.3 69.6 77.1 
294-B 8.3 925 l4BO 133.5 145.1, lll 20 9.6 1,3 25.9 19.5 64.0 93.3 
1675 133.5 l42.9 18 20 9.6 3.0 25.9 2.0.9 64.0 85.6 
298-B 8.8 938 1469 1.31.6 l.J9.S 16 21 10.3 '··? 2?,8 2.3.3 63.0 79.S 
" " 
llS3 131.6 141.0 16 21 10.3 3.9 27.8 22.7 6).0 82.8 
302-B PAC-? 7,2 1138 1330 135.6 l40.l, 11 21 9.4 6.2 24.0 21.3 60,7 70.9 
1530 135.6 J.U..6 ll 21 9;< 5.5 24~0 20,7 60.7 73.4 
B-15 318-B PAC-7 7, 7 975 1180 131.2 142.9 l6 16 n.o 4.2 26,2 20,7 6o.3 79.7 Two Aggregate binder 
" 849 131.2 142.3 16 21 n.o 4.7 26.2 21.1 60.3 71.? " " " 
B-16 314-B PAC-7 8.3 1175 112S 137.7 139.2 9 19 6.8 5.9 24.0 23.3 71.6 74.6 
1175 1121 137.7 140.4 9 19 6.8 5.1 24.0 22.7 71,6 71.5 
322-B 9.0 825 1274 135.9 143.5 16 19 7.? 3.8 26.9 20.6 69.5 81.5 Tuo Aggregate binder 
912 135.9 141.6 16 16 7.7 5.1 26.9 21.7 69.5 76.5 
" " " 
B-17 ."326--B PAC-7 9.7 825 1255 134.3 142.3 22 19 7.9 1.8 27.7 22.7 71.7 92.1 Two Aggregate_binder 
" " 
112? 134.3 142.3 22 19 7.9 1.8 >:7,7 22.7 71.7 92.1 " " " 
B-18 334-B PAC-7 8.3 963 1531 132,1 .142.9 16 19 10,8 3.0 27,2 20.9 61,4 85.6 Sort stone,t~ g~gregate binder 
" 1188 132,1 144.8 16 19 10,8 1.7 27.2 19.8 61.4 91.4 " " " " 338-B 8.'7 1075 1250 136.0 139.2 16 16 9.3 5.2 26.9 24.5 65.6 74.6 
1625 136.0 141.0 16 19 9.3 3.9 26.9 22.4 65.6 S2.5 ". 
342-B PAC-7 7,8 963 1012 130~5 136.0 19 16 1.2,0 8,8 27.3 24.7 56.1 64.4 
12if, 130,5 137.3 19 13 12.0 9.9 2'7.3 26,0 56.1 61.9 
346--B 8.5 988 1210 129.4 136.7 19 19 ll.9 7.3 28.6 24.8 58.3 70.5 
" ,, 956 129.4 136.7 19 19 ll,9 ?.3 28,6 24.8 58.3 70.5 
422-B RT-10 7.5 713 41? 142.3 129~8 13 9 7.4 14.8 23.4 21.0 68.4 71.1 . .,.., stone, two aggregate bind~r 
" 
727 142.3 132.3 13 16 7.4 13.2 23.4 29.? 68.4 55.6 
" " " 
B-20 366--B PAC-? 9.4 833 1209 128.7 137.3 19 21 12.9 5.6 31.4 25.2 58.9 77.7 Soft stoM1 two aggregate binder 
366-B PAC-7 9./.j. 
" 1355 v..a.? 139,2 19 21 12.9 4 • .3 31.4 2.4 .• 1 58.9 S2.1 " ., " " 
B-25 458-B NAC-8 9.3 B43 572 J33.l 137.9 14 21 10.4 8.7 29~2 26.6 70.8 67.2 Hard stone, tvo a.~gregf!.te bind.er 
" " " " ?35 133.1 140.4 14 21 10.4 7.1 29.2 25.3 70.8 71.9 " " " " 
/ 
APPENDIX V 
Field Laboratory Procedure 
A field laboratory, Fig. 37, containing equipment for extraction, 
gradation control, and Marshall Stability testing was set up at both of 
the plant sites.-
Extractionsfor the determination of bitumen contents were performed 
on all samples of mixtures obtained. Difficulty was experienced in extrac-
tion because of the amount and depth of bituminous absorption. It was found, 
by using check sanples of known bitumen content, that extraction was partial 
rather than complete. Four washes of 200 ml. each were employed with this 
aggregate in a typical extraction from mixes containing PAC. Despite this 
extent of washing, the asphalt contained in the aggregate upon completion 
of the operation averaged approximately 0.5 percent. In all cases, the 
bitumen contents determined by extraction, regardless of whether the ma-
terial was PAC, NAC, or RT-10, were corrected to this extent. 
Aggregates were sampled at stockpiles and from bins of the mixing-
plant gradation unit. Aggregate samples from stockpiles were obtained to 
study changes in the crusher product, and samples from bins of the grada-
tion unit were used to set up and maintain desired gradations in the 
mixtures. 
A sample of the mix (about 30-poundf?) was obtained for preparation 
of each set of four Marshall Stability Test specimens. These were tested 
in the field laboratory. Similar samples were obtained for preparation 
of specimen for durability study. Specimen prepared for this purpose 
were returned to the Research Laboratory for exposure and future testing. 
Extractions for the determination of bitumen contents for the durabilit,r 
test specimens at the time the specimens were prepared in order to make 
certain the mixes were representative. 
In addition to sampling and testing, laboratory personnel recorded 
locations of mixtures and sample loads together with all pertinent data 
concerning them. 
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APPENDIX VII 
Recommended Specifications for Sandstone 
Aggregate and Class S Bituminous Paving 
Mixtures. 
CommomveaJ_th of Kentucky 
Department of Highways 
Recommended Amendment 
to 
1945 Standard Specification 
This amendment revises the standards for sandstone aggregates to in-
clude sandstone aggregate for bitumli1ous binder and surface courses, Articles 
7 .4.5 and 7 .4.6, of the Department's 19Lc5 Standard Specification for State 
and Federal Road and Bridge Construction. 
Sandstone Aggregate 
for 
Bituminous Paving Mixtures 
Page 468, add the following paragraphs to Article 7.4.5. 
C. Bituminous Paving Aggregate. Sandstone for b:i. tuminous mixes shall 
consist of, angular fragments of broken sandstone of uniform quality through-
out, free from soft or disentegrated stone, dirt and other objectionable 
matter. 
Crushed sandstone for bituminous mixtures shall meet the follow~ng 
requirements: 
Absorption (water) - Not greater than 4.0% 
Percent Near 
Charge B, 100 rev.- Not greater than 30.0% 
Thin & Elongated Piaces -Not more than 2.0% 
Shale, - Not more than 2.0% 
Page 468, Article 7.4.6, delete the test specification for absorption and 
for percent of wear and add the following specification: 
Absorption - A.A.S.H.O. T-85-Lc5 
Percent of Wear - A,A.S.H.O. T-96-45 
Page 468, Article 7.4.6. delate test for soundness. 
Recommended Special Specification 
for 
BI'rUMINOUS PAVING MIXTURES USING CRUSHED 
SANDSTONE AGGRIDATES (HOT MIXED, HOT LAID) 
(Glass S) 
Description: Bituminous pavement constructed under this specification shall 
consist of one or more of the types specified herein. Types and dimensions 
of the courses shall be as shown on the plans or proposals and constructed 
in accordance with these specifications. The paving mixture shall consist 
of hot-mixed 9 hot·-laid bituminous concrete combined and mixed as herein speci-
fied. The existing Kentucky Specification for Bituminous Concrete Surface 
(AH) (Hot-mixed, Hot-Laid Asphalt)(Class I) shall govern in all cases unless 
specifically provided otherwise herein. 
Materials: 
Asphalt Cement- Article 7.7.2. 
Coarse Aggregate ~ Shall meet the specification for sandstone aggre-
gate for bituminous mixes, Amendment No. ____ to 
the 1945 Standard Specification, and shall be of 
a gradation which will meet the gradation speci-
fication for the desired mix. 
Fine Aggregate Shall consist of crushed sandstone and shall meet 
the specification for sandstone aggregate for bitu-
minous mixes, Amendment No. · to the 1945 Standard 
Specification. The gradation shall meet the grada-
tion specification for the desired mix. Portions 
of Article 4.3.2 not conflicting with this paragraph 
shall apply. ' 
Composition of Mixtures g Article 4.3 .3, shall govern except as herein specified 
a. Binder Course - Composition 
Passing Sieve Percent 
1" 100 
3/411 85-90 
3/8" 45-80 
No. 4 32-55 
No. 8 25-40 
No. 5o 12-28 
No. 200 0-10 
Bitumen 7.5-9.0 
b. Surface Course - Composition; Type A 
Passing Sieve ,Percent 
1/2" 100 
3/8 11 85-100 
No. 4 50-65 
No. 8 32-50 
No. 16 27-42 
No. 50 18-30 
No. 100 12-22 
Noo 200 3-12 
Bitumen 7.8-9.7 
c. Surface Course - Composition; Type B 
1Passing Sieve Percent 
3/8" 100 
No. 4 75-90 
No, 8 55-75 
No. 16 45-64 
No,., 30 35-55 
No, 50 25-40 
No. 100 10-25 
No. 200 5-16 
Percent Asphalt 9.5-10.5 
Plant, Plant Operation, and Construction Detailsg Article 4.3.4 of the 
1945 Standard Specification shall apply wi th1Jle following exceptions : 
(b) 
(e) 
Plant -When the gradation of the binder course can be obtained 
with a two-aggregate mixture, and the sur£ace course· is :rYPe B 
above, a two-aggregate hopper may replace the gradation unit 
and bins for preparation of both surface ·and binder mixture. 
Otherwise, all provisions of Article 4.3.4(b) apply. 
Preparation of asphalt cement - The asphalt cement shall be 
delivered to the asphalt bucket at a temperature between 2250F 
and 265°F. No asphalt shall be used while "forming." All 
asphalt heated beyond 3250F before mixing shall be rejected. 
All asphalt heated to more than 265°F and less than 325oF 
before mixing shall be permitted to cool to 2650F before use 
in the mix. 
(g) Temperature Table -
Plant Temperatures 
Aggregate 
Asphalt 
Cement 
Road or Street Temperature 
Ideal Mix. 
Mixture 
At Plant 
235°F-300°F 
(h) A tack coat consisting of bituminous material used in the hot 
bituminous mixes, shall be applied at the rate not exceeding 
0.1 gallon per square yard between all binder and surface courses. 
(l) Compaction - At least one of the rollers shall be of tandem design. 
